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(54) SPREAD SPECTRUM COMMUNICATION DEVICE AND SPREAD SPECTRUM 
COMMUNICATION METHOD 



(57) In a compressed mode, a spread spectrum 
communication device interleaves bit units across multi- 
ple frames using an interleaver, reduces the spreading 
factor using a framing/spreading unit, outputs the com- 
pressed mode frames at a predetermined compressed 
mode frame timing, and increases the average trans- 
mission power in the compressed mode at a radio fre- 
quency transmitter. Furthermore, a handover between 
different frequencies is carried out by establishing syn- 
chronization to another frequency carrier, based on a 
first search code and a second search code which have 
been detected, and moreover, a handover between dif- 
ferent communication systems is carried out by estab- 
lishing synchronization to a GSM, based on an FCCH 
and a SCH which have been detected. 
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Description 

TECHNICAL FIELD 

[0001] This invention relates to a communication 
device applied in a code division multiple access 
(CDMA) communication system and a method thereof. 
More particularly this invention relates to a spread spec- 
trum communication device for improving interleave 
transmission and transmission power control in spread 
spectrum communication, and for realizing handovers 
between different frequencies and a method thereof. 

BACKGROUND ART 

[0002] In a CDMA cellular system, because the same 
carrier frequency is used repeatedly in every cell there 
is no need for handovers between frequencies within 
the same system. However, considering a case such as 
when existing systems are present together, there is a 
need for handovers between different carrier frequen- 
cies. Three points pertaining to detailed cases are 
described below. 

[0003] As a first point, in a cell where there is consid- 
erable traffic, a separate carrier frequency is used to 
accommodate the increased number of subscribers, 
and a handover may be performed between those cells. 
As a second point, when an umbrella cell constitution is 
used, different frequencies are allocated to large and 
small cells, and handovers are performed between the 
cells. Then, as a third point, there are cases of hando- 
vers between a third generation system, such as a 
W(Wideband)-CDMA system, and a second generation 
system, such as a current mobile telephone system. 
[0004] When performing handovers in cases such as 
those mentioned above, it is necessary to detect the 
power of carriers at the different frequencies. To achieve 
this detection, the receiver needs to only have a struc- 
ture capable of detecting two frequencies. However, this 
increases the size of the constitution of the receiver, or 
makes the constitution complicated. 
[0005] Furthermore, two types of handover method 
may be considered: a mobile assisted handover 
(MAHO) and a network assisted handover (NAHO). 
Comparing the MAHO and NAHO methods, NAHO 
reduces the burden of the mobile device, but to be suc- 
cessful, it should be necessary to synchronize the 
mobile device and the base station, whereby the consti- 
tution of the base station and the network becomes 
complicated and large in order to be capable of tracking 
each individual mobile device. 

[0006] For such reasons, the realization of the MAHO 
method is more desirable, but to determine whether or 
not to handover, it is necessary to measure the strength 
of carriers of different frequencies at the mobile devices. 
However, a CDMA cellular system differs from a time 
division multiplex access (TDMA) system used in a sec- 
ond generation, in that it uses ordinarily continuous 



transmission for both transmission/reception. In this 
continuous transmission/reception technique, unless 
receivers corresponding to two frequencies are pre- 
pared, it is necessary to stop the timing of the transmis- 

5 sion or the reception and measure the other frequency. 
[0007] There has been disclosed a technique relating 
to a compressed mode method, for time-compressing 
the transmission data in the usual mode and transmit- 
ting it in a short time, thereby creating some spare time 

10 which can be utilized to measure the other frequency 
carrier . As an example of this, there is Japan Patent 
Application National Publication (Laid-Open) (JP-A) No. 
8-500475 "Non-continuous Transmission for Seamless 
Handovers in DS-CDMA Systems". This application dis- 

15 closes a method of realizing a compressed mode, 
wherein the spreading factor of the spreading code 
used is lowered to compress the transmission duration. 
[0008] The method of realizing the compressed mode 
according to the above application will be explained 

20 below. FIG. 36 shows an example of transmissions in a 
normal mode and a compressed mode in a conven- 
tional CDMA system. In FIG. 36, the vertical axis repre- 
sents transmission rate/transmission power, and the 
horizontal axis represents time. In the example of FIG. 

25 36, the compressed mode transmission is inserted 
between normal transmission frames. 
[0009] In the transmission in the compressed mode, a 
non-transmission timing is provided in the downlink 
frame, and can be set to a desired period of time (dura- 

30 tion). This non-transmission timing represents idle 
period during which the strength of the other frequency 
carrier is measured. In this way, slotted transmission 
can be achieved by inserting the idle period during 
transmission of compressed mode frames. 

35 [0010] In this type of compressed mode transmission, 
transmission power increases in accordance with the 
time ratio between the idle period and the frame (com- 
pressed mode frame) transmission timing, and there- 
fore, as shown in FIG. 36, the compressed mode frame 

40 is transmitted at a higher transmission power than the 
frame in normal transmission. As a consequence, trans- 
mission quality can be maintained even in frame trans- 
mission in compressed mode. 

[0011] In addition to the application mentioned above, 
45 as an example of pertinent literature there is Gustafs- 
son, M. et al: "Compressed Mode Techniques for Inter- 
Frequency Measurements in a Wide-band DS-CDMA 
System", Proc. of 8th IEEE PIMRC '97. This research 
paper discloses techniques for realizing compressed 
50 mode in cases other than when the spreading factor is 
lowered, namely when the coding rate is increased, 
when multi-code transmission is used, and when a 
multi-bit transmission modulation system such as 
160AM is used. 
55 [0012] However, in conventional examples such as the 
application mentioned above, since transmissions are 
interleaved in units of one frame and within one frame, 
the interleaving time for slotted transmission (in the 
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compressed mode) is more compressed than in normal 
transmission. Consequently, the interleaving size is 
shortened which leads to a problem of poor decoding at 
the reception side. 

[0013] Furthermore, in conventional examples such 5 
as the literature mentioned above, since the length of 
interleaving time is shortened when using compressed 
mode transmission, there is increased deterioration of 
signal quality with respect to fading, and, since no TPC 
(transmission power control) command bit is sent during io 
non-transmission, it is not possible to achieve high- 
speed TPC, leaving a subsequent problem of poor sig- 
nal quality. 

[0014] Furthermore, in conventional examples such 
as the application and literature mentioned above, the is 
spreading factor is lowered when carrying out a com- 
pressed mode transmission. However, in general, low- 
ering of the spreading factor indicates that a spreading 
code having a short code-length is being used. How- 
ever, since the number of spreading codes that can be 20 
used is directly proportional to the square of the code- 
length, there is a problem that there are extremely few 
spreading codes having short code-lengths, and these 
spreading code resources, which are vital for realizing 
compressed mode transmission, are consumed. 2s 
[0015] It is an object of the present invention to solve 
the problems described above by providing a spread 
spectrum communication device and a spread spec- 
trum communication method capable of preventing 
deterioration in signal quality caused by compressed 30 
mode, with respect to interleaving, transmission power 
control, spreading code allocation methods and the like 
to minimize the effects of transmission errors. 

DISCLOSURE OF THE INVENTION 35 

[0016] A spread spectrum communication device 
according to an aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 40 
Intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
an interleaving unit for interleaving in bit units a frame or 
a compressed frame, which is a unit of a transmission 
data stream, to minimize effects of transmission errors; 45 
a compressing/intermittent transmitting unit for com- 
pressing a frame prior to or after interleaving in the com- 
pressed mode, and moreover, intermittently outputting 
the compressed frame to the interleaving unit if the 
compressed frame has not yet been interleaved, and 50 
intermittently outputting the compressed frame to a 
device on a reception side if the compressed frame has 
been interleaved; a control unit for controlling the oper- 
ation of interleaving in bit units of the interleaving unit, 
and the compressing/intermittent transmitting operation 55 
of the compressing/intermittent transmitting unit; the 
control unit controlling the interleaving unit to perform 
interleaving in bit units across multiple frames in the 



compressed mode. 

[0017] According to this invention, in the compressed 
mode, multiple frames are interleaved in bit units to min- 
imize effects of transmission errors, whereby It is possi- 
ble to secure appropriate interleaving time in the 
compressed mode in the same way as in the normal 
mode, and consequently, poor performance caused by 
interleaving in bit units can be prevented. 
[0018] A spread spectrum communication device 
according to a next aspect of the invention is character- 
ized in that the interleaving unit has a memory size in 
correspondence with the number of frames to be inter- 
leaved in the compressed mode. 

[0019] According to this invention, since the memory 
size used is in correspondence with the number of 
frames to be interleaved in the compressed mode, inter- 
leaving in bit units can be performed in a number of 
frames sufficient to minimize the effects of transmission 
errors in the compressed mode. 

[0020] A spread spectrum communication device 
according to a next aspect of the invention is applied in 
a code division multiple access system for continuously 
transmitting frames in a normal mode, and intermittently 
transmitting compressed frames in a compressed 
mode, and characterized in that it comprises an inter- 
leaving unit for interleaving in bit units a frame or a com- 
pressed frame, which is a unit of a transmission data 
stream, to minimize effects of transmission errors; a 
compressing/intermittent transmitting unit for compress- 
ing a frame prior to or after interleaving in the com- 
pressed mode, and moreover, intermittently outputting 
the compressed frame to the interleaving unit if the 
compressed frame has not yet been interleaved, and 
intermittently outputting the compressed frame to a 
device on a reception side if the compressed frame has 
been interleaved; a control unit for controlling the inter- 
leaving operation in bit units of the interleaving unit, and 
the compressing/intermittent transmitting operation of 
the compressing/intermittent transmitting unit; the con- 
trol unit controlling the compressing/intermittent trans- 
mitting unit so that the compressed frame is divided to 
the front and rear of the same frame timing as in the nor- 
mal mode, 

[0021] According to this invention, in the compressed 
mode, the compressed frame is divided to the front and 
rear of the same frame timing as in the normal mode, 
and intermittently transmitted in that arrangement, and 
consequently, an appropriate interleaving duration can 
be secured in the compressed mode as in the normal 
mode using a simple interleaving constitution so that the 
effects of transmission errors caused by interleaving in 
bit units can be further reduced. 

[0022] A spread spectrum communication device 
according to a next aspect of the present invention is 
characterized in that the control unit controls the inter- 
leaving unit so that, in the compressed mode, interleav- 
ing in bit units is performed across multiple frames. 
[0023] According to this invention, in the compressed 
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mode, since interleaving is controlled so that interleav- 
ing in bit units is performed across multiple frames, an 
appropriate interleaving duration can be secured in the 
compressed mode as in the normal mode, and conse- 
quently, the effects of transmission errors caused by 5 
interleaving in bit units can be further reduced. 
[0024] A spread spectrum communication device 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting multiple frames in a normal 10 
mode, and intermittently transmitting compressed 
frames in a compressed mode, and is characterized in 
that it comprises a compressing/intermittent transmit- 
ting unit for compressing a frame, which comprises mul- 
tiple slots and is a unit of a transmission data stream, 15 
and intermittently transmitting the compressed frame; 
and a control unit for controlling the compressing/inter- 
mittent transmitting unit so as to slot the compressed 
frame, and intermittently transmit the slotted frame in N 
(a natural number) slot units. 20 
[0025] According to this invention, in the compressed 
mode, the compressed frame is slotted, and intermit- 
tently transmitted in N slot units, and therefore, trans- 
mission power control bits transmitted in a dov^/nlink can 
be received in comparatively short time intervals, 25 
whereby the amount of transmission power control error 
can be reduced. 

[0026] A spread spectrum communication device 
according to a next aspect of the present invention is 
characterized in that the control unit determines the N 30 
slot units in accordance with the relationship between 
the measuring time of another frequency carrier compo- 
nent and the amount of transmission power control 
error. 

[0027] According to this invention, since the N slot 35 
units are determined in accordance with the relationship 
between the measuring time of another frequency car- 
rier strength and the amount of transmission power con- 
trol error, it is possible to secure time for reliably 
measuring the strength of other frequency carriers, and 40 
in addition, the amount of transmission power control 
error can be greatly reduced. 

[0028] A spread spectrum communication device 
according to a next aspect of the present invention is 
characterized in that it further has an interleaving unit 45 
for interleaving in bit units a frame or a compressed 
frame, which is a unit of a transmission data stream, to 
minimize effects of transmission errors; the control unit 
controlling the interleaving unit so that, in the com- 
pressed mode, interleaving in bit units is performed so 
across multiple frames. 

[0029] According to this invention, in the compressed 
mode, since interleaving in bit units is controlled across 
multiple frames, an appropriate interleaving duration 
can be secured in the compressed mode as in the nor- 55 
mal mode, and consequently, the effects of transmis- 
sion errors caused by interleaving in bit units can be 
further reduced. 



[0030] A spread spectrum communication device 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
an interleaving unit for interleaving in bit units a frame or 
a compressed frame, which is a unit of a transmission 
data stream, to minimize effects of transmission errors; 
a compressing/intermittent transmitting unit for com- 
pressing a frame prior to or after interleaving in the com- 
pressed mode, and moreover, intermittently outputting 
the compressed frame to the interleaving unit if the 
compressed frame has not yet been interleaved, and 
intermittently outputting the compressed frame to a 
device on a reception side if the compressed frame has 
been interleaved; a control unit for controlling the inter- 
leaving in bit units operation of the interleaving unit, and 
the compressing/intermittent transmitting operation of 
the compressing/intermittent transmitting unit; wherein 
in the compressed mode, the control unit controls the 
compressing/intermittent transmitting unit so that multi- 
ple frames prior to interleaving in bit units by the inter- 
leaving unit, or multiple frames after interleaving, are 
compressed using code-multiplexing in a given frame 
timing. 

[0031] According to this invention, in the compressed 
mode, multiple interleaved frames are compressed 
using code-multiplexing in a given frame timing and 
intermittently transmitted, whereby an appropriate inter- 
leaving duration can be secured in the compressed 
mode as in the norma! mode, and consequently, per- 
formance deterioration caused by interleaving in bit 
units can be prevented. 

[0032] A spread spectrum communication device 
according to a next aspect of the present invention is 
characterized in that the control unit controls the inter- 
leaving unit so that, in the compressed mode, interleav- 
ing is performed in bit units across multiple frames. 
[0033] According to this invention, in the compressed 
mode, interleaving is performed in bit units across mul- 
tiple frames, and therefore, a longer interleaving dura- 
tion can be secured in the compressed mode than in the 
normal mode, whereby the effects of transmission 
errors caused by interleaving in bit units can be further 
reduced. In particular, if other frames are replaced by 
multi-code-transmitted frames and interleaving is per- 
formed, it is possible to disperse multiple multi-code- 
transmitted frames which are in error in the same place, 
thereby increasing the correcting capability of the error- 
correction encoding. 

[0034] A spread spectrum communication device 
according to a next aspect of the present invention is 
characterized in that the compressing/intermittent trans- 
mitting unit has a memory size in correspondence with 
the number of frames to be code-multiplexed in the 
compressed mode. 

[0035] According to this invention, since the memory 
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size used is in correspondence with the number of 
frames to be code-multiplexed in the compressed 
mode, code-multiplexing can be realized reliably and 
without loss in the compressed mode. 
[0036] A spread spectrum communication device 5 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, is characterized in that it comprises a io 
compressing/intermittent transmitting unit for compress- 
ing a frame, which is a unit of a transmission data 
stream, and intermittently transmitting the compressed 
frame, in the compressed mode; and a control unit for 
controlling the compressing/intermittent transmitting 15 
unit so that, in the compressed mode, the compress- 
ing/intermittent transmitting unit intermittently transmits 
at a lower transmission rate than the transmission rate 
in the normal mode, while using the same transmission 
power as in the normal mode. 20 
[0037] According to this invention, in the compressed 
mode, the compressing/intermittent transmitting unit 
intermittently transmits at a lower transmission rate than 
the transmission rate in the normal mode, while using 
the same transmission power as in the normal mode, 2S 
and consequently, the there is less interference power 
on other users on the same frequency during a fre- 
quency handover, enabling the frequency handover to 
be realized with reduced interference. 

[0038] A spread spectrum communication device 30 
according to a next aspect of the present invention is 
characterized in that it further comprises an interleaving 
unit for interleaving in bit units a frame or a compressed 
frame, which is a unit of a transmission data stream, to 
minimize effects of transmission errors; the control unit 35 
controlling the interleaving unit so that, in the com- 
pressed mode, interleaving in bit units is performed 
across multiple frames. 

[0039] According to this invention, in the compressed 
mode, interleaving in bit units is performed across mul- 40 
tiple frames, and therefore an appropriate interleaving 
duration can be secured in the compressed mode as in 
the norma! mode, and consequently, the effects of 
transmission errors caused by interleaving in bit units 
can be further reduced. 45 
[0040] A spread spectrum communication device 
according to a next aspect of the present invention is 
characterized in that the control unit controls the com- 
pressing/intermittent transmitting unit so that the com- 
pressed frame is divided to the front and rear of the so 
same frame timing as in the normal mode. 
[0041] According to this invention, since the com- 
pressed frame is divided to the front and rear of the 
same frame timing as in the normal mode, and intermit- 
tently transmitted in compliance with that arrangement, 55 
an appropriate interleaving duration can be secured in 
the compressed mode as in the normal mode with a 
simple interleave constitution, and consequently, deteri- 



oration in performance caused by interleaving in bit 
units can be further reduced. 

[0042] A spread spectrum communication device 
according to a next aspect of the present invention is 
characterized in that the control unit controls the com- 
pressing/intermittent transmitting unit so as to slot the 
compressed frame, and intermittently transmit the slot- 
ted frame in N (a natural number) slot units. 
[0043] According to this invention, in the compressed 
mode, the compressed frame is slotted and intermit- 
tently transmitted in N slot units; therefore, transmission 
power control bits transmitted in a downlink can be 
received in comparatively short time intervals, whereby 
the amount of transmission power control error can be 
reduced. 

[0044] A spread spectrum communication device 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and Is characterized in that it comprises 
a memory unit for storing optimum transmission power 
control units for the normal mode and the compressed 
mode, so that the transmission power control unit con- 
trolling one output of transmission power is greater in 
the compressed mode than in the normal mode; and a 
transmission power control unit for referring to the mem- 
ory unit, and controlling transmission power to a com- 
munication partner device in compliance with 
transmission power control units in correspondence 
with the normal mode and the compressed mode, 
based on information representing a reception power 
received from the communication partner device. 
[0045] According to this invention, in the compressed 
mode, transmission power to the communication part- 
ner device is controlled so that a transmission power 
control unit for one time is greater in the compressed 
mode than in the normal mode, and consequently, in the 
compressed mode, even when the temporal intervals of 
the transmission power control during intermittent trans- 
mission are wider, it is possible to widen the control 
range of the transmission power and maintain adhesion 
to the transmission power in the compressed mode, 
whereby the amount of error of transmission power con- 
trol in the compressed mode can be reduced. 
[0046] A spread spectrum communication device 
according to a next aspect of the present invention is 
characterized in that it further comprises a compress- 
ing/intermittent transmitting unit for compressing a 
frame, which comprises multiple slots and is a unit of a 
transmission data stream, and intermittently transmit- 
ting the compressed frame; and a control unit for con- 
trolling the compressing/intermittent transmitting unit so 
as to slot the compressed frame, and intermittently 
transmit the slotted frame in N (a natural number) slot 
units. 

[0047] According to this invention, in the compressed 
mode, the compressed frame is slotted, and intermit- 
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tently transmitted in N slot units, and therefore, trans- 
mission power control bits transmitted in a downlink can 
be received in comparatively short time intervals, 
whereby the amount of transmission power control error 
can be reduced. 

[0048] A spread spectrum communication device 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a memory unit for taking more multiple types of trans- 
mission power control unit than in the normal mode, a 
transmission power control controlling one input of 
transmission power, including among the multiple types 
of transmission power control unit a transmission power 
control unit which is greater than in the normal mode, 
and storing optimum transmission power control units 
for the normal mode and the compressed mode; a 
transmission power control unit for referring to the mem- 
ory unit, and controlling transmission power to a com- 
munication partner device in compliance with 
transmission power control units in correspondence 
with the normal mode and the compressed mode, and 
in addition, in correspondence with temporal intervals in 
the transmission power control in the compressed 
mode, based on information representing a reception 
power received from a communication partner device. 
[0049] According to this invention, transmission power 
to a communication partner device is controlled in com- 
pliance with transmission power control units in corre- 
spondence with the normal mode and the compressed 
mode, and in addition, in correspondence with temporal 
intervals in the transmission power control in the com- 
pressed mode; therefore, even when the temporal inter- 
vals of the transmission power control during 
intermittent transmission alter, by utilizing the control 
range of the transmission power it is possible to main- 
tain adhesion to the transmission power in the com- 
pressed mode, thereby reducing the amount of error of 
transmission power control in the compressed mode. 
[0050] A spread spectrum communication device 
according to a next aspect of the present invention is 
characterized in that it further comprises a compress- 
ing/intermittent transmitting unit for compressing a 
frame, which comprises multiple slots and is a unit of a 
transmission data stream, and intermittently transmit- 
ting the compressed frame; and a control unit for con- 
trolling the compressing/intermittent transmitting unit so 
as to slot the compressed frame, and intermittently 
transmit the slotted frame in N (a natural number) slot 
units. 

[0051] According to this invention, in the compressed 
mode, the compressed frame is slotted, and intermit- 
tently transmitted in N slot units, and therefore, trans- 
mission power control bits transmitted in a downlink can 
be received in comparatively short time intervals, 
whereby the amount of transmission power control error 



can be greatly reduced. 

[0052] A spread spectrum communication device 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
5 continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a transmission section for using a desired spreading 
code to create transmission data of a quantity corre- 
10 spending to a number of users who can be served 
thereby, in correspondence with the normal mode and 
the compressed mode, and adding and transmitting the 
transmission data created in correspondence with the 
number of users; and a compressed mode control sec- 
15 tion, connected to the transmission section, for control- 
ling the creation operation of transmission data by the 
transmission section in the compressed mode; the com- 
pressed mode control section having a frame combining 
unit for extracting from given combinations of multiple 
20 compressed mode frames, compressed by separate 
users in the transmission section, a combination having 
a total transmission duration of less than one frame 
duration; a spreading code allocation unit for allocating 
the same spreading code to each of multiple channels 
25 which transmit the combination extracted by the frame 
combining unit; and a transmission timing control unit 
for using a single spreading code, allocated by the 
spreading code allocating unit, to control the transmis- 
sion section so that transmission timings of multiple 
30 compressed mode frames, which comprise the above 
extracted combination, do not temporally overlap within 
one frame duration. 

[0053] According to this invention, the compressed 
mode control section extracts from given combinations 

35 of multiple compressed mode frames, compressed by 
separate users in the transmission section, a combina- 
tion having a total transmission duration of less than 
one frame duration, allocates the same spreading code 
to each of multiple channels which transmit the combi- 

40 nation extracted by the frame combining unit, and uses 
a single spreading code, allocated by the spreading 
code allocation unit, to control the transmission section 
so that transmission duration of multiple compressed 
mode frames, which comprise the above extracted com- 

45 bination, do not temporally overlap within one frame 
duration; therefore, when there are multiple com- 
pressed mode frames, the number of spreading codes 
with low spreading factor used in the compressed mode 
can be reduced, and consequently, the spreading code 

50 resources can be effectively used in the compressed 
mode. 

[0054] A spread spectrum communication device 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
55 continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a compressing/intermittent receiving unit for intermit- 
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tently receiving a compressed frame in the compressed 
mode; search code detecting and determining unit for 
detecting on other frequency carriers, during non-trans- 
mission period in the compressed mode, a first search 
code, which is shared at all base stations and is time- 
continually transmitted, and a second search code, 
which is transmitted at the same timing as the first 
search code and can be Identified by multiple numeric 
patterns, and determining these search codes based on 
a predetermined reference; a control unit for selecting 
the compressing/intermittent receiving unit during inter- 
mittent receiving, selecting the search code detecting 
and determining unit during non-transmission duration, 
and controlling operations of both; the control unit 
establishing synchronization to the other frequency car- 
rier, based on the first search code and second search 
code detected by the search code detecting and deter- 
mining unit, and thereby controlling a handover between 
different frequencies. 

[0055] According to this invention, synchronization to 
another frequency carrier is established based on the 
first search code and second search code detected by 
the search code detecting and determining unit, thereby 
enabling a handover to be efficiently performed 
between different W-CDMAA/V-CDf^A frequencies. 
[0056] A spread spectrum communication device 
according to a next aspect of the present invention is 
characterized in that the control unit carries out control 
to detect at least one first search code during the non- 
transmission period which is not more than half of one 
frame, and thereafter, carries out control to repeat the 
processing of shifting the non-transmission period by a 
predetermined slot unit, and to detect a numeric value 
of all second search codes using multiple frames, and to 
establish synchronization to the other frequency carrier, 
based on the detected first search code and the 
numeric pattern of second search code, thereby control- 
ling a handover between different frequencies. 
[0057] According to this invention, at least one first 
search code is detected during the non-transmission 
period which is not more than half of one frame, and 
thereafter, the processing of shifting the non-transmis- 
sion period by a predetermined slot unit is repeated, a 
numeric value of all the second search codes is 
detected using multiple frames, and synchronization is 
established to the other frequency carrier based on the 
detected first search code and the numeric pattern of 
second search code, thereby enabling a handover to be 
even more efficiently performed between different W- 
CDf\/lAAA/-CDMA frequencies. 

[0058] A spread spectrum communication device 
according to a next aspect of the present invention is 
characterized in that the non-transmission duration can 
be arranged across multiple frames. 
[0059] According to this invention, since the non- 
transmission period can be arranged across multiple 
frames, the second search codes can be detected mul- 
tiple times, Improving the reliability of the detected 



codes. 

[0060] A spread spectrum communication device 
according to a next aspect of the present invention is 
characterized in that, when no search code can be 
5 obtained which satisfies a predetermined level of relia- 
bility during the search code detection, a search code is 
detected again in the place. 

[0061] According to this invention, when no search 
code can be obtained which satisfies a predetermined 
10 level of reliability during the search code detection, a 
search code is detected again in the place, and conse- 
quently, synchronization can be established based on 
information of high reliability. 

[0062] A spread spectrum communication device 

75 according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 

20 a compressing/Intermittent receiving unit for intermit- 
tently receiving a compressed frame in the compressed 
mode; information detecting and determining unit for 
detecting in another communication system, during 
non-transmission period in the compressed mode, a 

25 first information for matching frequencies, and a second 
information for achieving synchronization, and deter- 
mining the first and second information based on a pre- 
determined reference; a control unit for selecting the 
compressing/intermittent receiving unit during intermit- 

30 tent receiving, selecting the information detecting and 
determining unit during non-transmission period, and 
controlling operations of both; the control unit establish- 
ing synchronization to the other communication system, 
based on the first information and second information 

35 detected by the information detecting and determining 
unit, and thereby controlling a handover between differ- 
ent frequencies. 

[0063] According to this invention, synchronization to 
another communication system is established based on 
40 the first information and second information detected by 
the information detecting and determining unit, thereby 
enabling a handover between different frequencies to 
be achieved efficiently. 

[0064] A spread spectrum communication device 
45 according to a next aspect of the present invention is 
characterized In that the control unit carries out control 
to detect at least one first information during the non- 
transmission period which Is not more than half of one 
frame, thereafter, carries out control to set the non- 
50 transmission period based on a time found by the 
detected first information, and to detect the second 
information, and establishes synchronization to the 
other communication system, based on the detected 
first Information and second information, thereby con- 
55 trolling a handover between different frequencies. 

[0065] According to this invention, at least one first 
information is detected during the non-transmission 
period which is not more than half of one frame, there- 
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after, the non-transmission period is set based on a tinne 
found by the detected first-information, the second infor- 
mation is detected, and synchronization to the other 
communication system is established based on the 
detected first information and second information; 5 
therefore, a handover between different systems can be 
carried out more effectively. 

[0066] A spread spectrum communication method 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 10 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a first step of interleaving of interleaving bit units across 
multiple frames, in order to minimize effects of transmis- 15 
sion errors, in the compressed mode; a second step of 
compressing a frame interleaved in bit units in the first 
step, and Intermittently transmitting it. 
[0067] According to this invention, in the compressed 
mode, in order to minimize effects of transmission 20 
errors, interleaving of bit units is performed across mul- 
tiple frames, and the interleaved frame is compressed 
and intermittently transmitted; therefore, an appropriate 
interleaving duration can be secured in the compressed 
mode as in the normal mode, and consequently, deteri- 25 
oration in performance caused by interleaving in bit 
units can be prevented. 

[0068] A spread spectrum communication method 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 30 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a first step of compressing a frame, which is a unit of a 
transmission data stream, and intermittently outputting 35 
It, in the compressed mode; and a second step of inter- 
leaving bit units across a plurality of the compressed 
frames. 

[0069] According to this invention, in the compressed 
mode, a frame, which is a unit of a transmission data 40 
stream, is compressed and output intermittently, and 
interleaving in bit units is performed across multiple 
compressed frames; consequently, therefore, an appro- 
priate interleaving duration can be secured in the com- 
pressed mode as in the normal mode, and deterioration 45 
in performance caused by interieaving in bit units can 
be prevented. 

[0070] A spread spectrum communication method 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 50 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed trames in a com- 
pressed mode, and is characterized in that it comprises 
a first step of interieaving bit units of a frame, which is a 
unit of a transmission data stream, and intermittently 55 
outputting it, in order to minimize effects of transmission 
errors; and a second step, performed in the com- 
pressed mode, of compressing a frame interieaved in bit 



units in the first step, dividing the compressed frame to 
the front and rear of the same frame timing as in the nor- 
mal mode, and intermittently transmitting it. 
[0071] According to this invention, in the compressed 
mode, a frame interieaved in bit units is compressed, 
divided to the front and rear of the same frame timing as 
in the normal mode, and intermittently transmitted; con- 
sequently, an appropriate interieaving duration can be 
secured in the compressed mode as in the normal 
mode, whereby performance deterioration caused by 
interieaving in bit units can be prevented. 
[0072] A spread spectrum communication method 
according to the present invention is applied in a code 
division multiple access system for continuously trans- 
mitting frames in a normal mode, and intermittently 
transmitting compressed frames in a compressed 
mode, and is characterized in that it comprises a first 
step, performed in the compressed mode, of compress- 
ing a frame, which is a unit of a transmission data 
stream, and interleaving bit units of the compressed 
frame; and a second step of dividing the compressed 
and interieaved frame to the front and rear of the same 
frame timing as in the normal mode, and intermittently 
transmitting it. 

[0073] According to this invention, in the compressed 
mode, a frame, which is a unit of a transmission data 
stream, is compressed and interieaved in bit units, 
divided to the front and rear of the same frame timing as 
in the normal mode, and intermittently transmitted: con- 
sequently, an appropriate interieaving duration can be 
secured in the compressed mode as in the normal 
mode, whereby performance deterioration caused by 
interieaving in bit units can be prevented. 
[0074] A spread spectrum communication method 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a first step of dividing a frame, being a unit of a trans- 
mission data stream, into multiple slots in the com- 
pressed mode; and a second step of intermittently 
transmitting the frame slotted in the first step in N (N = a 
natural number) slot units. 

[0075] According to this invention, in the compressed 
mode, the compressed frame is slotted, and intermit- 
tently transmitted in N slot units, and therefore, trans- 
mission power control bits transmitted in a downlink can 
be received in comparatively short time intervals, 
whereby the amount of transmission power control error 
can be greatly reduced. 

[0076] A spread spectrum communication method 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a first step of interieaving in bit units a frame, being a 
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unit of a transmission data stream, in order to minimize 
effects of transmission errors; a second step, performed 
in the compressed mode» of using code-muitiplexing to 
compress, in a given frame timing, multiple frames Inter- 
leaved in bit units in the first step, and transmit them 
intermittently. 

[0077] According to this invention, In the compressed 
mode, code-multiplexing is used to compress, in a given 
frame timing, multiple frames interleaved in bit units, 
and they are transmitted intermittently; consequently, an 
appropriate interleaving duration can be secured in the 
compressed mode as in the normal mode, whereby per- 
formance deterioration caused by interleaving in bit 
units can be prevented. 

[0078] A spread spectrum communication method 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a first step, performed in the compressed mode, of 
using code-multiplexing to compress, in a given frame 
timing, multiple frames interieaved in bit units in the first 
step, and transmit them intermittently; and a second 
step of interieaving the compressed frames In bit units. 
[0079] According to this invention, in the compressed 
mode, code-multiplexing is used to compress, in a given 
frame timing, multiple frames interieaved in bit units, 
and they are transmitted intermittently; consequently, an 
appropriate interieaving duration can be secured in the 
compressed mode as in the normal mode, whereby per- 
formance deterioration caused by interieaving in bit 
units can be prevented. 

[0080] A spread spectrum communication method 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized In that it comprises 
a first step of compressing a frame, which is a unit of a 
transmission data stream, in the compressed mode; 
and a second step of using the same transmission 
power as in the norma! mode to transmit the frame com- 
pressed in the first step at a lower transmission rate 
than in the normal mode. 

[0081] According to this Invention, in the compressed 
mode, the same transmission power as in the normal 
mode is used to intermittently transmit a compressed 
frame at a lower transmission rate than in the normal 
mode; therefore, during a handover between frequen- 
cies, the amount of interference power to other users on 
the same frequency is reduced, whereby a handover 
between frequencies with reduced interference can be 
achieved. 

[0082] A spread spectrum communication method 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 



intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a first step of receiving information representing 
received power from a communication partner device; a 

5 second step of preparing beforehand a table storing 
optimum transmission power control units for the normal 
mode and the compressed mode, so that the transmis- 
sion power control unit controlling one input of transmis- 
sion power is greater in the compressed mode than in 

70 the normal mode, referring to the table, and determining 
transmission power for the normal mode and the com- 
pressed mode, based on the information representing 
received power received in the first step; and a third 
step of transmitting to the communication partner 

75 device in compliance with the transmission power deter- 
mined in the second step. 

[0083] According to this invention, by referring to a 
table storing optimum transmission power control units 
for the normal mode and the compressed mode, so that 

20 the transmission power control unit controlling one input 
of transmission power is greater in the compressed 
mode than in the normal mode, based on the informa- 
tion representing received power received from a com- 
munication partner device, transmission powers for the 

25 normal mode and the compressed mode are deter- 
mined, and in the compressed mode, transmission is 
carried out so that the transmission power control unit 
controlling one input of transmission power is greater in 
the compressed mode than in the normal mode; there- 

30 fore, in the compressed mode, even when the temporal 
intervals of the transmission power control during inter- 
mittent transmission are wider, it is possible to widen the 
control range of the transmission power and maintain 
adhesion to the transmission power in the compressed 

35 mode, whereby the amount of error of transmission 
power control in the compressed mode can be reduced. 
[0084] A spread spectrum communication method 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 

40 continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a first step of receiving information representing 
received power from a communication partner device; a 

45 second step of taking more multiple types of transmis- 
sion power control unit than in the normal mode, a 
transmission power control controlling one input of 
transmission power, including among the multiple types 
of transmission power control unit a transmission power 

50 control unit which is greater than in the normal mode, 
preparing beforehand a table storing optimum transmis- 
sion power control units for the normal mode and the 
compressed mode, referring to the memory unit, and 
determining transmission power in correspondence with 

55 the norma! mode and the compressed mode, and in 
addition, in correspondence with temporal intervals in 
the transmission power control in the compressed 
mode, based on information representing a received 
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power received in the first step; and a third step of trans- 
mitting to the communication partner device in compli- 
ance with the transmission power determined in the 
second step. 

[0085] According to this invention, with regard to a 5 
transmission power control unit controlling one input of 
transmission power, more multiple types of these trans- 
mission power control units are taken than in the normal 
mode, including among the multiple types of transmis- 
sion power control unit a transmission power control unit io 
which is greater than in the normal mode, a table storing 
optimum transmission power control units for the normal 
mode and the compressed mode is referred to, and 
transmission power is determined in correspondence 
with the normal mode and the compressed mode and in 15 
addition, in correspondence with temporal intervals in 
the transmission power control in the compressed 
mode, based on information representing a reception 
power received from the communication partner device; 
and transmission is carried out in compliance with the 20 
determined transmission powers; therefore, in the com- 
pressed mode, even when the temporal intervals of the 
transmission power control during intermittent transmis- 
sion alter, by utilizing the control range of the most suit- 
able transmission power it is possible to maintain 25 
adhesion to the transmission power, thereby reducing 
the amount of error of transmission power control in the 
compressed mode. 

[0086] A spread spectrum communication method 
according to a next aspect of the present invention is 30 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a first step of compressing frames, being units of a 35 
transmission data stream, in multiple transmission 
channels performing compressed mode transmission; a 
second step of extracting from given combinations of 
multiple compressed mode frames, compressed sepa- 
rately for users in the first step, a combination having a 40 
total transmission duration of less than one frame dura- 
tion; a third step of allocating the same spreading code 
to each of multiple channels which transmit the combi- 
nation extracted in the second step; and a fourth step of 
using the same spreading code, allocated in the third 4S 
step, to transmit multiple compressed mode frames, 
which comprise the combination extracted in the sec- 
ond step, so that their transmission duration do not tem- 
porally overlap within one frame duration. 
[0087] According to this invention, in multiple trans- 50 
mission channels where compressed mode transmis- 
sion is being performed, frames which are units of a 
transmission data stream are compressed; a combina- 
tion having a total transmission duration of less than 
one frame duration is extracted from given combina- 55 
tions of multiple compressed mode frames, com- 
pressed separately for users; the same spreading code 
is allocated to each of multiple channels which transmit 



the extracted combination; and the same spreading 
code is used to transmit multiple compressed mode 
frames, comprising the extracted combination, so that 
their transmission duration do not temporally overlap 
within one frame duration; therefore, the number of 
spreading codes with low spreading factor used in the 
compressed mode can be reduced, and consequently, 
the spreading code resources can be effectively used in 
the compressed mode. 

[0088] A spread spectrum communication method 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a first search code detecting step of detecting at least 
one first search code during the non-transmission 
period which is not more than half of one frame; a sec- 
ond search code detecting step of thereafter repeating 
the processing of shifting the non-transmission period 
by a predetermined slot unit, and detecting a numeric 
value of all second search codes using multiple frames; 
a handover between different frequencies being control- 
led by establishing synchronization to another fre- 
quency carrier, based on the detected first search code 
and the numeric pattern of second search code. 
[0089] According to this invention, at least one first 
search code is detected during the non-transmission 
period which is not more than half of one frame, there- 
after, the process of shifting the non-transmission timing 
by a predetermined slot unit is repeated, a numeric 
value of all second search codes is detected using mul- 
tiple frames, and based on the detected first search 
code and the numeric pattern of second search code, 
synchronization is established to another frequency car- 
rier; consequently, a handover between different W- 
CDMAAA/-CDfVlA frequencies can be effectively per- 
formed. 

[0090] A spread spectrum communication method 
according to a next aspect of the present invention is 
characterized in that the non-transmission period can 
be arranged across multiple frames. 
[0091] According to this invention, since the non- 
transmission period can be arranged across multiple 
frames, the second search codes can be detected mul- 
tiple times, improving the reliability of the detected 
codes. 

[0092] A spread spectrum communication method 
according to a next aspect of the present invention is 
characterized in that, when no search code can be 
obtained which satisfies a predetermined level of relia- 
bility during the search code detection, a search code is 
detected again in the place. 

[0093] According to this invention, when no search 
code can be obtained which satisfies a predetermined 
level of reliability during the search code detection, a 
search code is detected again in the place, enabling 
synchronization to be established based on information 
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of high reliability. 

[0094] A spread spectrum communication method 
according to a next aspect of the present invention is 
applied in a code division multiple access system for 
continuously transmitting frames in a normal mode, and 5 
intermittently transmitting compressed frames in a com- 
pressed mode, and is characterized in that it comprises 
a first information detecting step of detecting a first Infor- 
mation for matching frequencies during non-transmis- 
sion period which is not more than half of one frame; a io 
second information detecting step of detecting second 
information for setting the non-transmission duration, 
based on a known timing determined beforehand from 
the detected first information, and achieving synchroni- 
zation; a handover between different frequencies being 75 
controlled by establishing synchronization to another 
communication system, based on the detected first 
information and second information. 
[0095] According to this invention, at least one first 
information Is detected during the non-transmission 20 
period which is not more than half of one frame, there- 
after, the non-transmission period is set based on a 
known timing found by the detected first information, the 
second information is detected, and synchronization to 
the other communication system is established based 25 
on the detected first information and second informa- 
tion; therefore, a handover between different systems 
can be carried out more effectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 30 

[0096] FIG. 1 is a block diagram showing a CDMA 
system according to a first embodiment of the present 
invention; FIG. 2 is a diagram explaining memory distri- 
bution of an Interieaver according to the first embodi- 35 
ment; FIG. 3 is a diagram explaining frame transmission 
of a downlink according to the first embodiment; FIG. 4 
is a flowchart explaining a transmission operation in a 
normal mode according to the first embodiment; FIG. 5 
is a flowchart explaining a transmission operation in a 40 
compressed mode according to the first embodiment; 
FIG. 6 is a flowchart explaining a reception operation in 
the normal mode according to the first embodiment; 
FIG. 7 is a flowchart explaining a reception operation in 
the compressed mode according to the first embodi- 45 
ment; FIG. 8 is a block diagram showing primary parts 
of a CDMA system according to a second embodiment 
of the present invention; FIG. 9 is a diagram explaining 
frame transmission of a downlink according to the sec- 
ond embodiment; FIG. 10 is a flowchart explaining a so 
transmission operation in the compressed mode 
according to the second embodiment; FIG. 11 is a flow- 
chart explaining a reception operation in the com- 
pressed mode according to the second embodiment; 
FIG. 12 is a diagram explaining frame transmission of a 55 
downlink according to a third embodiment; FIG. 13 is a 
flowchart explaining a transmission operation in the 
compressed mode according to the third embodiment; 



FIG. 14 is a flowchart explaining a reception operation 
in the compressed mode according to the third embodi- 
ment; FIG. 15 is a block diagram showing a CDMA sys- 
tem according to a fourth embodiment of the present 
invention; FIG. 16 is a diagram explaining memory dis- 
tribution of a framing/spreading unit according to the 
fourth embodiment; FIG. 17 is a diagram explaining 
frame transmission of a downlink according to the fourth 
embodiment; FIG. 18 is a flowchart explaining a trans- 
mission operation in the compressed mode according to 
the fourth embodiment; FIG. 1 9 is a flowchart explaining 
a reception operation in compressed mode according to 
the fourth embodiment; FIG. 20 is a block diagram of a 
CDMA system according to a fifth embodiment of the 
present invention; FIG. 21 is a diagram explaining frame 
transmission of a downlink according to the fifth embod- 
iment; FIG. 22 Is a flowchart explaining a transmission 
operation in the compressed mode according to the fifth 
embodiment; FIG. 23 is a flowchart explaining a recep- 
tion operation in the compressed mode according to the 
fifth embodiment; FIG. 24 is a diagram explaining frame 
transmission of a downlink according to a sixth embodi- 
ment of the present invention; FIG. 25 is a flowchart 
explaining a transmission operation in the compressed 
mode according to the sixth embodiment; FIG. 26 is a 
flowchart explaining a reception operation in the com- 
pressed mode according to the sixth embodiment; FIG. 
27 is a block diagram showing a CDMA system accord- 
ing to a seventh embodiment of the present invention; 
FIG. 28 is a diagram showing the relationship between 
transmission power control symbol and transmission 
power control amount according to the seventh embod- 
iment; FIG. 29 is a flowchart explaining a transmission 
power control operation in the compressed mode 
according to the seventh embodiment; FIG. 30 is a dia- 
gram showing the relationship between transmission 
power control symbol and transmission power control 
amount according to an eighth embodiment of the 
present invention; FIG. 31 is a flowchart explaining a 
transmission power control operation in the compressed 
mode according to the eighth embodiment; FIG. 32 is a 
block diagram showing a CDMA system according to a 
ninth embodiment of the present invention; FIG. 33 is a 
diagram explaining frame transmission of a downlink 
according to the ninth embodiment; FIG. 34 is a flow- 
chart explaining a transmission power control operation 
in the compressed mode according to the ninth embod- 
iment of the present invention; FIG. 35 is a flowchart 
explaining a compressed mode control operation 
according to the ninth embodiment; FIG. 36 is a dia- 
gram explaining conventional frame transmission of a 
downlink; FIG. 37 is a diagram showing a frame consti- 
tution of a broadcast channel (BCH); FIG. 38 is a 
detailed example of detecting a second search code in 
sixteen consecutive slots; FIG. 39 is a table showing a 
correspondence between the second search codes and 
the scrambling code groups; FIG. 40 is a flowchart 
when synchronization establishment procedure is car- 



11 



21 



EP 0 984 581 A1 



22 



ried out at the mobile station side; FIG. 41 is a diagram 
showing a constitution of a receiver according to a tenth 
embodiment of the present invention; FIG. 42 is a dia- 
gram showing an outline of the operation of a receiver 
according to the present invention; FIG. 43 is a flow- 5 
chart when synchronization establishment procedure is 
carried out at the mobile station side in a handover 
between different frequencies W-CDMAAA/-CDMA; FIG. 
44 shows an example of obtaining a second search 
code; FIG. 45 shows an example of obtaining a second 70 
search code; FIG. 46 shows an example of obtaining a 
second search code; FIG. 47 shows an example of 
obtaining a second search code; FIG. 48 shows consti- 
tution of a GSM superframe; and FIG. 49 is a flowchart 
when synchronization establishment procedure is car- 75 
ried out at the mobile station side in a handover 
between W-CDMAAA/-CDMA of different frequencies. 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION 20 

[0097] To explain the present Invention in more detail, 
it will be described with reference to the accompanying 
drawings. 

[0098] To begin with, the constitution of a CDMA sys- 25 
tem will be explained. FIG. 1 is a block diagram showing 
a CDMA system according to a first embodiment of the 
present invention. The CDMA system comprises a 
transmitter 1 A and a receiver 2A. Such a CDMA system 
is provided with both base station and mobile stations. 30 
The base station and the mobile stations carry out radio 
communication using a CDMA communication method. 
[0099] The transmitter 1A, as shown in FIG. 1, com- 
prises a controller 11 A, an error-correction encoder 12, 
an interleaver 13, a framing/spreading unit 14A, a radio 35 
frequency transmitter 15, etc. Through negotiations with 
the receiver 2 A, the controller 11 A principally controls 
the operations of the interleaver 1 3, the framing/spread- 
ing unit 14A, and the radio frequency transmitter 15. 
Through negotiations with the receiver 2A, this control- 40 
ler 1 1 A instructs, using frame numbers, objects for inter- 
leaving appropriate for a normal mode (a non- 
compressed mode) and compressed mode. Further- 
more, this controller 1 1 A instructs a transmission timing 
to the framing/spreading unit 14A, in order to reduce the 45 
spreading factor and transmit a compressed mode 
frame in the compressed mode. Furthermore, the con- 
troller 11A instructs to the radio frequency transmitter 
15 to increase the average transmission power when 
transmitting the compressed mode frame. 50 
[0100] The error-correction encoder 12 error-correct 
encodes the transmitted data stream, thereby obtaining 
coded data. In order to be able to minimize the effect of 
transmission errors when continuous bits of a transmit- 
ted signal are lost or the like, for instance as a result of 55 
fading, the interleaver 13 interleaves the temporal 
sequence of the coded data in bit units. 
[0101] This interleaver 13 has a memory for interleav- 



ing two frames. When the controller 11 A has instructed 
frame number "1" for interleaving, the interleaver 13 
interleaves one frame in the normal mode. On the other 
hand, when the frame number "2" has been instructed, 
the interleaver 13 interleaves across two frames in the 
compressed mode. 

[0102] The framing/spreading unit 14A spreads the 
band in correspondence with the norma! mode and the 
compressed mode, using a spreading code for each 
user, and forms a frame corresponding to each mode. 
When the controller 11 A has instructed transmission 
timing in correspondence with each of the modes, the 
framing/spreading unit 14A sends the frame to the radio 
frequency transmitter 15 in accordance with the 
instructed transmission timing. 

[0103] Furthermore, in the compressed mode, the 
framing/spreading unit 14A receives a command from 
the controller 11A to reduce the spreading factor, and 
obtains a transmission signal using a lower spreading 
factor than the normal mode, in accordance with that 
command. The radio frequency transmitter 15 converts 
the transmission signal obtained by the framing/spread- 
ing unit 14A to a radio frequency, and transmits it. In 
compliance with the controller 1 1 A, this radio frequency 
transmitter 15 outputs the transmission signal after 
Increasing the average transmission power in the com- 
pressed mode to higher than that in the normal mode. 
[0104] As shown in FIG. 1. the receiver 2A comprises 
a controller 21 A, an error-correction decoder 22, a dein- 
terleaver 23, a deframing/de-spreading unit 24A, a radio 
frequency receiver 25, etc. Through negotiations with 
the transmitter 1 A, the controller21 A principally controls 
the operations of the deinterleaver 23 and the defram- 
ing/de-spreading unit 24A. Through negotiations with 
the transmitter 1A, the controller 21 A specifies, using 
frame numbers, objects for deinterleaving appropriate 
for the normal mode and the compressed mode. Fur- 
thermore, this controller 21 A instructs a transmission 
timing to the deframing/de-spreading unit 24A, in order 
to reduce the spreading factor and transmit a com- 
pressed mode frame in the compressed mode. Further- 
more, in the compressed mode, the controller 11A 
instructs to the radio frequency transmitter 15 a 
decrease in the spreading factor and a reception timing 
for receiving the compressed mode frame. 
[0105] The radio frequency receiver 25 demodulates 
received signals sent from an antenna not shown in the 
diagram. The deframing/de-spreading unit 24A de- 
spreads using spreading codes allocated to the users of 
the receiver 2A in correspondence with normal mode 
and compressed mode, and creates a frame for each 
mode. When the controller 21 A specifies the reception 
timings for each mode, the deframing/de-spreading unit 
24A extracts a reception signal from the radio frequency 
receiver 25 at the instructed timing. Furthermore, in the 
compressed mode, the deframing/de-spreading unit 
24A receives a command from the controller 11 A to 
reduce the spreading factor, and obtains a reception 
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signal using a lower spreading factor than in the normal 
mode, in accordance with that command. 
[0106] The deinterleaver 23 interleaves the temporal 
sequence of the coded data in bit units, in the reverse 
order to the interleaving in the transmitter 1A (deinter- s 
leaving). Like the interleaver 13 mentioned above, the 
deinterleaver 23 has a memory for deinterleaving two 
frames. When the controller 21 A has instructed frame 
number "1 " for deinterleaving, the deinterleaver 23 dein- 
terleaves one frame In normal mode. On the other hand, io 
when the frame number "2" has been instructed, the 
deinterleaver 23 deinterleaves across two frames in the 
compressed mode. The error-correction decoder 22 
error-correct decodes the deinterleaved signal, thereby 
obtaining a decoded data, i.e. a received data stream. is 
[0107] Next, the interleaver 13 and the deinterleaver 
23 will be explained. FIG. 2 is a diagram explaining 
memory distribution of the interleaver according to the 
first embodiment, FIG. 2(a) illustrates the area used in 
normal mode, and FIG. 2(b) illustrates the area used in 20 
compressed mode. In FIG. 2, a memory 131 A provided 
with the interleaver 13 is shown. The deinterleaver 23 
also comprises a memory having the same memory 
size as that of the Interleaver 13. In the first embodi- 
ment, since interleaving is performed across two frames 2S 
in the compressed mode, two-frame memory sizes in 
correspondence with an interleaving size corresponding 
to two frames are set in the interleaver 13 and the dein- 
terleaver 23 respectively. 

[0108] When interleaving (see FIG. 2 (a)) in normal 30 
mode, only one frame (half) of the memory 131 A is 
used, and interleaving is performed within that frame. 
By contrast, in compressed mode (see FIG. 2 (b)), two 
frames (all) of the memory 131 A are used, and inter- 
leaving is performed in those two frames. Similarly, in 35 
the deinterleaver 23, the area of memory used is altered 
in correspondence with the mode, as in the interleaver. 
[0109] Next, frame transmission including com- 
pressed mode will be explained. FIG. 3 is a diagram 
explaining frame transmission of a downlink according 40 
to the first embodiment. In FIG. 3. the vertical axis rep- 
resents transmission rate/transmission power, and the 
horizontal axis represents time. Furthermore, in FIG. 3, 
F represents one frame. In a CDMA system, during nor- 
mal transmission, a period of time is provided to slot the 45 
frame and transmit it intermittently, and the strength of 
the other frequency carriers is measured using non- 
transmission duration during that period. 
[0110] For this purpose, the slotted frame must be 
compressed, and as shown in FIG. 3, the transmission so 
duration of a compressed frame is half of the normal 
transmission duration. In this case, if interleaving is per- 
formed in the same manner as in normal transmission, 
there will only be half the necessary interleaving time, 
making it impossible to achieve adequate interleaving ss 
effects. 

[0111] Accordingly, to secure sufficient time for inter- 
leaving, in compressed mode the transmitter 1 A and the 



receiver 2A double the areas used in the memories of 
the interleaver 13 and the deinterleaver 23, and inter- 
leave across two frames. The interleaving time needed 
in compressed mode can be determined easily from the 
ratio between the size of one frame and the com- 
pressed mode frame. 

[0112] Next, the transmission operation of the trans- 
mitter 1 A will be explained. FIG. 4 is a flowchart explain- 
ing a transmission operation in normal mode, and FIG. 
5 is a flowchart explaining a transmission operation in 
compressed mode. The execution of the operations of 
FIG. 4 and FIG. 5 is controlled by the controller 1 1 A, the 
individual operations being performed by various sec- 
tions. 

[01 13] In the normal mode (see FIG, 4), frame number 
"1" is Instructed to the interleaver 13 (Step S101), and 
the interleaver 13 interleaves one frame. Then, when 
the time reaches to a time required for transmitting one 
frame (Step S102), a transmission on next frame is 
instructed to the framing/spreading unit 14A (Step 
81 03). In this way, in normal mode, frames are transmit- 
ted continuously. 

[0114] Furthermore, in the compressed mode (see 
FIG. 5), multiple frames, that is. frame number "2" is 
instructed to the interleaver 13 (Step S1 11), and the 
interleaver 13 interleaves across two frames. Then, 
when the time reaches to a time required for transmit- 
ting a half-frame, that is, compressed mode frame tim- 
ing (Step S1 12), a reduction in the spreading factor and 
a transmission timing are instructed to the fram- 
ing/spreading unit 14A (Step S1 13). Moreover, an 
increase in the average transmission power is 
instructed to the radio frequency transmitter 15 (Step 
S1 14). In this way, in the compressed mode, frames are 
transmitted intermittently (non-continuously). 
[01 1 5] Next, the reception operation of the receiver 2A 
will be explained, FIG. 6 is a flowchart explaining the 
reception operation in normal mode, and FIG. 7 is a dia- 
gram explaining the reception operation in compressed 
mode. The operations of FIG. 6 and FIG. 7 are executed 
under the control of the controller 21 A although the indi- 
vidual operations are performed by various sections. In 
the normal mode (see FIG. 6), when the time reaches 
one frame timing (Step S121), a reception timing is 
instructed to the deframing/de-spreading unit 24A (Step 
SI 22). Then, a frame number "1" is instructed to the 
deinterleaver 23 (Step SI 23). and the deinterleaver 23 
deinterleaves one frame. In this way, in normal mode, 
frames are received continuously. 
[0116] Furthermore, in the compressed mode (see 
FIG. 7), when the time reaches a half-frame, that is, 
compressed mode frame timing (Step SI 31), a reduc- 
tion in the spreading factor and a reception timing are 
instructed to deframing/de-spreading unit 24A (Step 
SI 32). Then, multiple frames, that is, frame number "2" 
is instructed to the deinterleaver 23 (Step S133), and 
the deinterleaver 23 deinterleaves across two frames. In 
this way, in the compressed mode, frames are received 
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intermittently (non-continuously). 
[0117] As described above, according to the first 
embodiment, in compressed mode, interleaving bit units 
crossing multiple frames are controlled in order to mini- 
mize the effects of transmission errors, thereby making 
it possible to secure appropriate interleaving time in the 
compressed made as In the normal mode. As a conse- 
quence, it is possible to prevent poor performance 
caused by interleaving of bit units. 
[0118] Furthermore, since the memory size corre- 
sponds to the number of frames to be interleaved in the 
compressed mode, it is possible to interleave bits units 
in a number of frames sufficient to minimize the effects 
of transmission errors when transmission in the com- 
pressed mode. 

[0119] In the first embodiment described above, the 
size of the memory for interieaving and deinterieaving in 
the compressed mode is increased, securing an appro- 
priate interieaving time in correspondence with the size 
of the interieaving. but the present invention is not 
restricted to this, and it is acceptable to secure an 
appropriate interieaving time by changing the method of 
transmitting the compressed mode frame without 
increasing the size of the memory, as in a second 
embodiment explained later. Since the entire constitu- 
tion of the second embodiment of the present invention 
is the same as the first embodiment already explained, 
the following description covers only those features of 
the constitution and operation which differ from the first 
embodiment. Furthermore, identical components are 
represented by the same reference numerals. 
[0120] Here, only the primary constitution will be 
explained. FIG. 8 is a block diagram showing primary 
parts of a CDMA system according to the second 
embodiment of the present invention. In the CDMA sys- 
tem of the second embodiment, the difference from the 
first embodiment already described is the size of the 
memory 131B of the interieaver 13, which here is one 
frame. Furthermore, although not depicted in the dia- 
gram, the deinterieaver 23 of the receiver also has a 
memory size of one frame, to match that of the inter- 
leaver 13. 

[0121] Next, frame transmission including the com- 
pressed mode will be explained. FIG. 9 is a diagram 
explaining frame transmission of a downlink according 
to the second embodiment. In FIG. 9, the vertical axis 
represents transmission rate/transmission power, and 
the horizontal axis represents time, in the CDMA sys- 
tem, during normal transmission, a period of time is pro- 
vided to slot the frame and transmit it intermittently, and 
the strength of the other frequency carriers is measured 
using the fact that frames are not transmitted during that 
period. For this purpose, the slotted frame must be com- 
pressed, but if interieaving is performed in the same 
manner as in normal transmission, the interieaving time 
will be insufficient, and it will be impossible to obtain an 
adequate interieaving effect. 

[0122] Accordingly, the transmission timing of the 



compressed frame is divided, and one part is allocated 
to the head of the frame, the other is allocated to the 
end of the same frame, securing the desired interieav- 
ing time. At the receiver, this operation is performed in 
5 reverse- As in the first embodiment, the time needed for 
interieaving in compressed mode can be determined 
easily from the ratio between the size of one frame and 
the compressed mode frame. 

[0123] Next, the operation will be explained. Here, 
10 only the operation in compressed mode will be 
explained. FIG. 10 is a flowchart explaining the trans- 
mission operation in compressed mode, and FIG. 11 is 
a flowchart explaining the reception operation in com- 
pressed mode. In the compressed mode (see FIG. 10) 
75 at the transmitter, interieaving in one frame is instructed 
to the interieaver 13 (Step S201). and the interieaver 13 
interieaves one frame. 

[0124] Then, when the time reaches any one of the 
front and rear timings of the one-frame timing (Step 

20 S202), a transmission timing is instructed to the fram- 
ing/spreading unit 14A (Step S203). Moreover, an 
increase in the average transmission power is 
instructed to the radio frequency transmitter 15 (Step 
S204), and the compressed mode frame is frame-trans- 

25 mitted at high transmission power. In this way. frames 
are transmitted intermittently (non-continuously) in the 
compressed mode. 

[0125] On the other hand, in the compressed mode at 
the receiver (see FIG. 11), when the time reaches any 

30 one of the front and rear timings of the one-frame timing 
(Step S211), a reception timing is instructed to the 
deframing/de-spreading unit 24A (Step S212). Then, 
after the signal of one frame has been received, a one- 
frame deinterieaving is instructed to the deinterieaver 

35 23 (Step 3213), and the deinterieaver 23 deinterieaves 
one frame. In this way, frames are received intermit- 
tently (non-continuously) in the compressed mode. 
[0126] As explained above, according to the second 
embodiment, in the compressed mode, a frame which 

40 has been interieaved in bit units is compressed, 
arranged into front and rear in the same frame timing as 
in normal mode, and intermittently transmitted in com- 
pliance with that arrangement. Therefore, it is possible 
to secure an appropriate interieaving time in com- 

45 pressed mode, in the same way as in normal mode, with 
a simple interieaving constitution. Consequently, poor 
performance caused by interieaving in bit units can be 
prevented. 

[0127] Furthermore, it is also possible in the second 
50 embodiment to prepare the memory sizes shown in 
FIG. 2, and control interieaving of bit units crossing mul- 
tiple frames in the compressed mode. In this case, as in 
the first embodiment described above, it is possible to 
secure an appropriate interieaving time in the com- 
55 pressed mode, as in the normal mode, and to reduce 
transmission errors resulting from interleaving in bit 
units. 

[0128] In the first embodiment already explained, to 
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perform interleaving and deinterleaving in the com- 
pressed mode, the size of memory is increased and an 
interleaving time appropriate for the size of the inter- 
leaving is secured, but the present invention is not 
restricted to this, and it is acceptable to secure an 5 
appropriate interleaving time by a compressed mode 
frame transmission method different to that of the sec- 
ond embodiment described above, as in a third embod- 
iment described below. Since the entire constitution of 
the third embodiment of the present invention is the 70 
same as the second embodiment already explained, the 
following description covers only those features of the 
operation which differ from the second embodiment. 
[0129] Firstly, frame transmission including com- 
pressed mode will be explained. FIG. 12 is a diagram is 
explaining frame transmission of a downlink according 
to the third embodiment. In FIG. 12, the vertical axis 
represents transmission rate/transmission power, and 
the horizontal axis represents time. !n the CDfvlA sys- 
tem, during normal transmission, a period of time is pro- 20 
vided to slot the frame and transmit intermittently, and 
the strength of other frequency carriers is measured 
using the fact that frames are not transmitted during that 
period. For this purpose, the slotted frame must be com- 
pressed, but if interleaving is performed in the same 25 
manner as in normal transmission, there will only be 
half the necessary Interleaving time, making it impossi- 
ble to achieve adequate interleaving effects. 
[0130] Accordingly, the transmission duration of the 
compressed frame is divided in correspondence with 30 
multiple slots, and the non-transmission period (idle 
period for measuring) is reduced so as not to affect the 
transmission power control, securing the desired time 
for interleaving. In the receiver, this operation is per- 
formed in reverse. As in the first embodiment, the time 35 
needed for interleaving in compressed mode can be 
determined easily from the ratio between the size of one 
frame and the compressed mode frame. 
[0131] Furthermore, the slot number N (where N is a 
natural number) forming the transmission unit in com- 40 
pressed mode is determined in accordance with the 
relationship between the measuring time of the strength 
of other frequency carriers and the transmission power 
control margin of error. For instance, when N = 1 it indi- 
cates every slot, N = 2 indicates every two slots, and N 45 
= 4 indicates every four slots. Here, N = 1 . 2, and 4 are 
just the examples and it is also possible to handle other 
slot numbers. 

[0132] Next, the operation will be explained. Here, 
only the operation in compressed mode will be so 
explained. FIG. 13 is a flowchart explaining the trans- 
mission operation in compressed mode, and FIG. 14 is 
a flowchart explaining the reception operation in com- 
pressed mode. In the compressed mode at the transmit- 
ter (see FIG. 13), interleaving in one frame is instructed 55 
to the interleaver 13 and the interleaver 13 interleaves 
one frame (Step S301). 

[0133] Then, when the time reaches the N slot timing 



which forms the transmission unit in the compressed 
mode (Step S302), a transmission timing is instructed to 
the framing/spreading unit 14A (Step S303). Moreover, 
an increase in the average transmission power is 
instructed to the radio frequency transmitter 15 (Step 
S304), and the compressed mode frame is frame-trans- 
mitted at high transmission power. In this way, frames 
are transmitted intermittently (non-continuously) in the 
compressed mode. 

[0134] On the other hand, in the compressed mode of 
the receiver (see FIG. 14), when the time reaches the N 
slot timing (Step S311), a reception timing is instructed 
to the deframing/de-spreading unit 24A (Step S312). 
Then, after the signal of one frame has been received, a 
one-frame deinterleaving is instructed to the deinter- 
leaver 23 (Step S31 3), and the deinterleaver 23 deinter- 
leaves one frame. In this way, frames are received 
intermittently (non-continuously) in the compressed 
mode. 

[0135] As explained above, according to the third 
embodiment, in the compressed mode, since a com- 
pressed frame is slotted and intermittently transmitted in 
N slot units, it is possible to receive transmission power 
control bits transmission in the downlink in compara- 
tively short time intervals. In this way, by controlling 
ON/OFF of each N slot, the margin of error of transmis- 
sion power control can be reduced. 
[0136] In particular, since the N slot unit is determined 
in accordance with the relationship between the meas- 
uring time of the strength of other frequency carriers 
and the transmission power control margin of error, it is 
possible to secure time in which the strength of other 
frequency carriers can be reliably measured, and also 
to reduce the transmission power control margin of 
error. 

[0137] Furthermore, it is also possible in the third 
embodiment to prepare the memory sizes shown in 
FIG. 2, and control interleaving of bit units across multi- 
ple frames in the compressed mode. In this case, as in 
the first embodiment described above, it is possible to 
secure an appropriate interleaving time in the com- 
pressed mode, as in the normal mode, and to further 
reduce transmission errors resulting from interleaving in 
bit units. 

[0138] In the embodiments one to three described 
above, the frame timing was changed in the normal 
mode and the compressed mode, but the present inven- 
tion is not restricted to this, and it is acceptable to inter- 
mittently transmit with the same frame timing in 
compressed mode and normal mode, as in a fourth 
embodiment of the present invention described below. 
[0139] Firstly, the constitution of the CDMA system will 
be explained. FIG. 15 is a block diagram showing a 
CDMA system according to the fourth embodiment of 
the present invention. The CDMA system comprises a 
transmitter IB and a receiver 2B. Such a CDMA system 
is provided with both base station and mobile stations. 
The base station and the mobile stations carry out radio 
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communication using a CDMA communication method. 
[01 40] The transmitter 1 B, as shown in FIG. 1 5, com- 
prises a controller 11 B, an error-correction encoder 12, 
an interleaver 13, a framing/spreading unit 148, a radio 
frequency transmitter 15, etc. Through negotiations with 
the receiver 2B, the controller 1 1 B mainly controls the 
operations of the interleaver 13, the framing/spreading 
unit 148, and the radio frequency transmitter 15. In 
compressed mode, this controller 11B instructs to the 
framing/spreading unit 148 multi-code transmission for 
multiple frames to be code-multiplexed and transmis- 
sion timings for transmitting compressed mode frames. 
[0141] The error-correction encoder 12, the inter- 
leaver 13, and the radio frequency transmitter 1 5 are the 
same as in the first embodiment already described 
above, and explanation thereof will be omitted. As 
regards the interleaver 1 3, it has a memory for interleav- 
ing one frame. 

[0142] The framing/spreading unit 14B spreads the 
band in correspondence with normal mode and com- 
pressed mode, using a spreading code for each user, 
and forms a frame corresponding to each mode. When 
the controller 118 has instructed transmission timing in 
correspondence with each of the modes, the fram- 
ing/spreading unit 148 sends the frame to the radio fre- 
quency transmitter 15 in accordance with the instructed 
transmission timing. Furthermore, in the compressed 
mode, the framing/spreading unit 148 receives a com- 
mand for multi-code transmission from the controller 
1 1 8, and code-multiplexes two post-interleave frames in 
accordance with that command. 

[01 43] In order to code-multiplex two frames, the fram- 
ing/spreading unit 14B has a one-frame memory. That 
is, the interleaver 13 and the framing/spreading unit 14B 
each comprise a one-frame memory, enabling two 
frames to be code-multiplexed using a total memory 
size equivalent to two frames. 

[0144] The receiver 28, as shown in FIG. 15, com- 
prises a controller 21 B, an error-correction decoder 22, 
a deinterleaver 23, a deframing/de-spreading unit 248, 
a radio frequency receiver 25, etc. Through negotiations 
with the transmitter IB, the controller 218 mainly con- 
trols the operations of the deinterleaver 23 and the 
deframing/de-spreading unit 248. In the compressed 
mode, this controller 218 instructs the deframing/de- 
spreading unit 24B of reception timings for receiving 
multi-code transmission and compressed mode frames. 
[0145] The error-correction decoder 22» the deinter- 
leaver 23, and the radio frequency transmitter 25 are the 
same as in the first embodiment already described 
above, and explanation thereof will be omitted. As 
regards the deinterleaver 23, it has a memory for inter- 
leaving one frame. 

[0146] Like the framing/spreading unit 14B described 
above, the deframing/de-spreading unit 248 comprises 
a one-frame memory for deframing. When the controller 
218 has instructed a reception timing in correspond- 
ence with each of the modes, the deframing/de-spread- 



ing unit 248 extracts the reception signal from the radio 
frequency transmitter 25 in accordance with that recep- 
tion timing. Furthermore, in the compressed mode, the 
deframing/de-spreading unit 248 receives a command 

5 for multi-code transmission from the controller 21 B. sep- 
arates the de-spread data into frame units in accord- 
ance with that command, and outputs the frames in 
sequence to the deinterleaver 23. 
[0147] Next, the primary constitution of the fram- 

10 ing/spreading unit 14B and the deframing/de-spreading 
unit 248 will be explained. FIG. 16 is a diagram explain- 
ing memory distribution of the framing/spreading unit 
148 according to the fourth embodiment, wherein FIG. 
16(a) illustrates the area used in normal mode, and FIG. 

75 16(b) illustrates the area used in compressed mode. In 
FIG. 16, the framing/spreading unit 148 has a memory 
141A. The deframing/de-spreading unit 248 also has a 
memory of the same memory size as that of the fram- 
ing/spreading unit 148. 

20 [0148] In the fourth embodiment, since code-multi- 
plexing is performed across two frames in the com- 
pressed mode, a one-frame memory size, in 
correspondence with a two-frame code-multiplexing 
size, is set in the both framing/spreading unit 14B and 

25 the deframing/de-spreading unit 248. In fact, two-frame 
framing and deframing can be achieved using the one- 
frame memories of the interleaver 13 the deinterleaver 
23. 

[0149] In normal mode (see FIG. 16 (a)), since code- 

30 multiplexing is not needed, framing and the like is car- 
ried out based on data interleaved by the interleaver 13 
without using the memory 141 A. On the contrary, in 
compressed mode (see FIG. 16 (b)), a two-frame mem- 
ory size is required to perform code-multiplexing, and 

35 therefore the memory 141 A of the framing/spreading 
unit 148 is used In addition to the memory of the inter- 
leaver 13. Similarly, whether the memory is used or not 
in the deframing/de-spreading unit 24B also varies 
depending on the mode. 

40 [0150] Next, frame transmission including com- 
pressed mode will be explained. FIG. 17 is a diagram 
explaining frame transmission of a downlink according 
to the fourth embodiment. In FIG. 17. the vertical axis 
represents transmission rate/transmission power, and 

45 the horizontal axis represents time. Furthermore, in 
FIG. 17, F represents one frame. In the CDMA system, 
during normal transmission, a period of time is provided 
to slot the frame and transmit it intermittently, and the 
strength of other frequency carriers is measured using 

so the fact that a frame is not transmitted during that 
period. 

[0151] For this purpose, the slotted frame must be 
compressed, and in conventional methods, the trans- 
mission duration of a compressed frame becomes half 
55 of the normal transmission duration. In this case, if inter- 
leaving is performed in the same manner as in normal 
transmission, there will only be half of the necessary 
interleaving time, making it impossible to achieve ade- 
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quate interleaving effects. 

[0152] Accordingly, the transmitter 1B performs inter- 
leaving of the same size as in the normal mode, and 
code-multiplexes multiple frames in the frame timing, in 
order to secure the same timing for interleaving in the 5 
compressed mode as in the normal mode, in com- 
pressed mode. For instance, in the example shown in 
FIG. 17, in normal transmission (normal mode), post- 
interleaving frames are transmitted In a sequence of 
frames #1, #2, and thereafter, in slotted transmission io 
(compressed mode), individually interleaved frames #3 
and #4 are code-multiplexed together, and compressed 
frames are transmitted. 

[0153] Next, the operation will be explained. Since the 
transmission and reception is performed in the same 75 
manner as the conventional methods, explanation 
thereof will be omitted. Firstly, the transmission opera- 
tion of the transmitter IB will be explained. FIG. 18 is a 
flowchart explaining the transmission operation in com- 
pressed mode. The execution of the operation of FIG. 20 
18 is controlled by the controller 118 although Individual 
operations are performed by various sections. In the 
compressed mode, interleaving in one frame is 
Instructed to the interleaver 13 (Step 3401), and the 
interleaver 1 3 interleaves in one frame. 25 
[0154] Then, when the time reaches a given frame 
timing for multi-code transmission (Step S402), multi- 
code transmission and transmission timings are 
instructed to the framing/spreading unit 14B (Step 
S403). Consequently, the framing/spreading unit 14B 30 
code-multiplexes two frames. In this way, in the com- 
pressed mode, frames are transmitted intermittently 
(non-continuously) . 

[0155] Next, the reception operation of the receiver 2B 
will be explained. FiG. 19 is a flowchart explaining the 35 
reception operation In the compressed mode. The exe- 
cution of the operation of FIG. 19 is controlled by the 
controller 21 B although individual operations are per- 
formed by various sections. In the compressed mode, 
when the time reaches the frame timing for the multi- 40 
code transmission described above (Step S411), frame 
separation of received code-multipiexed data and a 
reception timing are instructed to the deframing/de- 
spreading unit 24B (Step S412). 

[0156] Then, deinterteaving in the separated frames is 45 
instructed to the deinterleaver 23 (Step S413), and the 
deinterleaver23 deinterleaves one frame. In this way, in 
the compressed mode, frames are received intermit- 
tently (non-continuously). 

[0157] As described above, according to the fourth so 
embodiment, in the compressed mode, multiple frames 
which have been interleaved in bit units to minimize the 
effects of transmission errors are compressed by code 
division multiplexing in the given frame timing prior to 
transmission. Therefore, it is possible to secure an 55 
appropriate interleaving time in the same way and using 
the same constitution in the compressed mode and the 
normal mode. In this way, by controlling ON/OFF in 



each compressed mode frame, poor performance 
caused by interleaving in bit units can be prevented. 
[0158] Furthermore, since the memory size used cor- 
responds to the number of frames to be code-multi- 
plexed in the compressed mode, code-multiplexing can 
be performed reliably and without loss in the com- 
pressed mode. 

[0159] Furthermore, it is also possible in the fourth 
embodiment to control interleaving of bit units across 
multiple frames in the compressed mode in the way as 
the first embodiment described above. In this case, it is 
possible to secure a longer time for interleaving by 
increasing the size of the memories of the interleaver 
and the deinterleaver in compressed mode than in the 
normal mode. As a consequence, transmission errors 
resulting from interleaving in bit units can be reduced. In 
particular, when code-multiplexed frames are inter- 
leaved by replacing other frames, places where multiple 
code-multiplexed frames are in error can be dispersed, 
improving the correcting result of the error-correction 
coding. 

[0160] In the embodiments 1 to 4 described above, 
transmission power is Increased in order to transmit 
frames in the compressed mode without information 
loss, but the present invention is not restricted to this, 
and it Is acceptable to determine the amount of the 
transmission power after considering interference on 
other user channels caused by the amount of the trans- 
mission power, as described below in a fifth embodi- 
ment. 

[0161] Firstly, the constitution of the CDMA system will 
be explained. FIG. 20 is a block diagram showing a 
CDMA system according to a fifth embodiment of the 
present Invention. The CDMA system comprises a 
transmitter 1C and a receiver 2C. Such a CDMA system 
is provided with both base station and mobile stations. 
The base station and the mobile stations carry out radio 
communication using a CDMA communication method, 
[0162] As shown in FIG. 20, the transmitter 1 C com- 
prises a controller 11C, an error-correction encoder 12, 
an interleaver 13, a framing/spreading unit 14C, a radio 
frequency transmitter 15, etc. Through negotiations with 
the receiver 2C, the controller 11 C mainly controls the 
operations of the interleaver 13, the framing/spreading 
unit 14C, and the radio frequency transmitter 15. In 
compressed mode, this controller 11C instructs to the 
framing/spreading unit 14C a reduction of information 
rate and transmission timings for transmitting com- 
pressed mode frames. Furthermore, this controller 11 C 
differs from the one in embodiments 1 to 4 described 
above in that it does not generate a command to the 
radio frequency transmitter 15 to raise the transmission 
power in the compressed mode. 

[0163] The error-correction encoder 12, the inter- 
leaver 1 3, and the radio frequency transmitter 1 5 are the 
same as In the first embodiment already described 
above, and explanation thereof will be omitted. As 
regards the interleaver 13, it has a memory for interleav- 
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ing one frame. 

[0164] The framing/spreading unit 14C spreads the 
band in correspondence with normal mode and com- 
pressed mode, using a spreading code for each user, 
and forms a frame corresponding to each mode. When 5 
the controller 1 1 C has instructed a transmission timing 
in correspondence with each of the mode, the fram- 
ing/spreading unit 14C sends the frame to the radio fre- 
quency transmitter 15 in accordance with that 
transmission timing. Furthermore, in the compressed io 
mode, when the framing/spreading unit 14C receive a 
command to reduce the information rate from the con- 
troller 11 C then it compresses the insufficiently inter- 
leaved frame to form a compressed mode frame in 
compliance with that command. 75 
[0165] As shown in FIG. 20, the receiver 2C com- 
prises a controller 21 C, an error-correction decoder 22, 
a deinterleaver 23, a deframing/de-spreading unit 24C, 
a radio frequency transmitter 25, etc. Through negotia- 
tions with the transmitter 1C. the controller 21 C mainly 20 
controls the operations of the deinterleaver 23 and the 
deframing/de-spreading unit 24C. In the compressed 
mode, this controller 21 C instructs to the deframing/de- 
spreading unit 24C a reduction in information rate and 
reception timings for receiving compressed mode 25 
frames. 

[0166] The error-correction decoder 22, the deinter- 
leaver 23, and the radio frequency transmitter 25 are the 
same as In the first embodiment already described 
above, and explanation thereof will be omitted. As 30 
regards the deinterieaver 23, it has a memory for inter- 
leaving one frame. 

[0167] When the controller 21 C has instructed a 
reception timing in correspondence with each of the 
modes, the deframing/de-spreading unit 24C extracts 35 
the received signal from the radio frequency transmitter 
25 in accordance with that reception timing. Further- 
more, in the compressed mode, when the defram- 
ing/de-spreading unit 24C receives a command to 
reduce information rate from the controller 21 C then it 40 
lowers the information rate in accordance with that com- 
mand, performs framing and de-spreading, and outputs 
the frames in sequence to the deinterleaver 23. 
[0168] Next, frame transmission including com- 
pressed mode will be explained. FIG. 21 is a diagram 45 
explaining frame transmission of a downlink according 
to the fifth embodiment. In FIG. 21 , the vertical axis rep- 
resents transmission rate/transmission power, and the 
horizontal axis represents time. In the CDMA system, 
during normal transmission, a period of time is provided so 
to slot the frame and transmit it intermittently, and the 
strength of other frequency carriers is measured using 
the fact that a frame is not transmitted during that 
period. For that purpose, the slotted frame must be 
compressed, and in a conventional method, the trans- 55 
mission power is increased when transmitting the com- 
pressed frame. In this case, amount of interference 
power to other user channels increases, leading to 



deterioration in transmission. 

[0169] Accordingly, as shown in FIG. 21, when the 
same transmission power Is secured in the compressed 
mode as in the normal mode, lowering the transmission 
rate by a corresponding amount, and an interieaved 
transmission frame is sent across multiple compressed 
mode frames, it is possible to realize a handover 
between frequencies with reduced interference. 
[01 70] Next, the operation will be explained. Since the 
transmission and reception is performed in the same 
manner as the conventional methods, explanation 
thereof will be omitted. Firstly, the transmission opera- 
tion of the transmitter 1C will be explained. FIG. 22 is a 
flowchart explaining the transmission operation in the 
compressed mode. The execution of the operation of 
FIG. 22 is controlled by the controller 1 1C although the 
individual operations are performed by various sections. 
In the compressed mode, interieaving in one frame is 
instructed to the interieaver 13 (Step S501), and the 
interieaver 13 interieaves in one frame. 
[0171] Then, when the time reaches the compressed 
mode frame timing (Step S502), reduction of transmis- 
sion rate and a transmission timing are instructed to the 
framing/spreading unit 14C (Step S503). Consequently, 
the frame is transmitted at a lower transmission rate in 
the compressed mode time. In this way, in the com- 
pressed mode, frames are transmitted intermittently 
(non-continuously). 

[0172] Next, the reception operation of the receiver 2C 
will be explained. FIG. 23 is a flowchart explaining the 
reception operation in the compressed mode. The exe- 
cution of the operation of FIG. 23 is controlled by the 
controller 21 C although the individual operations are 
performed by various sections. In the compressed 
mode, when the time reaches the compressed mode 
frame timing (Step S511), a reduction of transmission 
rate and a reception timing are instructed to the defram- 
ing/de-spreading unit24C (Step S512). 
[0173] Then, deinterleaving in the one frame is 
instructed to the deinterleaver 23 (Step S513), and the 
deinterieaver 23 deinterleaves one frame. In this way, in 
the compressed mode, frames are received intermit- 
tently (non-continuously). 

[0174] As described above, according to the fifth 
embodiment, in the compressed mode, compressed 
frames are intermittently transmitted at a transmission 
rate which is lower than the transmission rate in the nor- 
mal mode while using the same transmission power as 
in the normal mode. Therefore, during the frequency 
handover, the amount of interference power to other 
users on the same frequency is reduced. Consequently, 
it is possible to realize a handover between frequencies 
with less interference. 

[0175] Furthermore, in the fifth embodiment, in the 
compressed mode, a compressed frame may be 
divided into the front and rear of the same frame timing 
as in the normal mode, and transmitted intermittently in 
compliance with that arrangement, as in the second 
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embodiment described above. Because of this fact, it is 
possible to secure an appropriate interleaving time in 
compressed mode in the same way as in the normal 
mode, with a simple interleave constitution. As a result, 
poor performance caused by interleaving in bit units can 5 
be prevented. 

[0176] Furthermore, in the fifth embodiment, in the 
compressed mode, a compressed frame may be slotted 
and transmitted intermittently in N slot units in the same 
manner as in the third embodiment described above. 10 
Because of this fact, it is possible to receive transmis- 
sion power control bits transmitted in the downlink in 
comparatively short time intervals. As a result, the 
amount of error in the transmission power control can 
be reduced. 75 
[0177] In the fifth embodiment described above, one 
frame was interleaved, but the present invention is not 
restricted to this, and it is acceptable to prevent com- 
pression in the interleaving time by interleaving across 
multiple frames. With the exception of increase the 
memory size of the interleaver, as in the first embodi- 
ment, the sixth embodiment has the same overall con- 
stitution as the fifth embodiment described above, and 
so only the differing aspects of the operation will be 
explained below. 25 
[01 78] Accordingly, frame transmission including com- 
pressed mode will be explained. FIG. 24 is a diagram 
explaining frame transmission of a downlink according 
to the sixth embodiment. In FIG. 24, the vertical axis 
represents transmission rate/transmission power, and 30 
the horizontal axis represents time. The difference with 
the fifth embodiment described above is that, as shown 
in FIG. 24, the interleaving is carried out across multiple 
frames, i.e. two frames if the compressed mode frame is 
a 1/2 frame. Consequently, deterioration of decoding 35 
caused by compressing the interleaving time can be 
reduced. 

[0179] Next, the operation will be explained. Since the 
transmission and reception is performed in the same 
manner as in the conventional methods, explanation 40 
thereof will be omitted. Firstly, the transmission opera- 
tion of the transmitter of the sixth embodiment will be 
explained. FIG. 25 is a flowchart explaining the trans- 
mission operation in the compressed mode. The execu- 
tion of the operation of FIG. 25 is controlled by the 45 
controller 11 C although the individual operations are 
performed by various sections. In the compressed 
mode, interleaving across two frames is instructed to 
the interleaver 13 (Step S601), and the interleaver 13 
interleaves two frames. 50 
[0180] Then, when the time reaches the compressed 
mode frame timing (Step 8602), reduction of transmis- 
sion rate and a transmission timing are instructed to the 
framing/spreading unit 14C (Step S603). Consequently, 
the frame is transmitted at a lower transmission rate in 55 
the compressed mode time. In this way, in the com- 
pressed mode, frames are transmitted intermittently 
(non-continuously). 



[0181] Next, the reception operation according to the 
receiver of the sixth embodiment will be explained. FIG. 
26 is a flowchart explaining a reception operation in the 
compressed mode. The execution of the operation of 
FIG. 26 is controlled by the controller 21 C although the 
individual operations are performed by various sections. 
In the compressed mode, when the time reaches the 
compressed mode frame timing (Step S611), a reduc- 
tion of transmission rate and a reception timing are 
instructed to the deframing/de-spreading unit 24C (Step 
S612). 

[0182] Then, deinterieave across two frames is 
instructed to the deinterleaver 23 (Step S613), and the 
deinterleaver 23 deinterleaves across two frames. In 
this way, in the compressed mode, frames are received 
intermittently (non-continuously). 

[0183] As described above, according to the sixth 
embodiment, in addition to what has been described in 
the fifth embodiment described above, in the com- 
pressed mode, bit units are interleaved across multiple 
frames, enabling an appropriate interleaving time to be 
secured in the compressed mode as in the normal 
mode. As a consequence, transmission errors caused 
by interleaving of bit units can be further reduced. 
[0184] Furthermore, in the sixth embodiment, in the 
compressed mode, a compressed frame may be 
divided into the front and rear of the same frame timing 
as in the normal mode, and transmitted intermittently in 
compliance with that arrangement in the same manner 
as in the second embodiment described above. 
Because of this fact, it is possible to secure an appropri- 
ate interleaving time in compressed mode in the same 
way as in the normal mode, with a simple interleaving 
constitution. As a result, poor performance caused by 
interleaving in bit units can be prevented. 
[0185] Furthermore, in the sixth embodiment, in the 
compressed mode, a compressed frame may be slotted 
and transmitted intermittently in N slot units in the same 
manner as in the third embodiment described above. 
Because of this fact, it is possible to receive transmis- 
sion power control bits transmitted in the downlink in 
comparatively short time intervals. As a result, the 
amount of error in the transmission power control can 
be reduced. 

[0186] In the above-mentioned embodiments 1 to 6, a 
function for preventing transmission deterioration in the 
compressed mode was explained, but the present 
invention is not restricted to this, and it is acceptable to 
vary the amount of transmission power during transmis- 
sion power control as in a seventh embodiment 
described below. 

[0187] Firstly, the constitution of the CDMA system will 
be explained. FIG. 27 is a block diagram showing a 
CDfVIA system according to a seventh embodiment of 
the present invention. The CDMA system comprises a 
transmitter 1 D and a receiver 2D. Such a CDMA system 
is provided with both the base station and mobile sta- 
tions. The base station and the mobile stations carry out 
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radio communication using a CDMA communication 
method. 

[0188] As shown in FIG. 27, the transmitter ID com- 
prises a controller 11D, an error-correction encoder 12, 
an interleaver 1 3, a framing/spreading unit 14D, a radio 5 
frequency transmitter 15, etc. Through negotiations with 
the receiver 2D, the controller 11 D mainly controls the 
operations of the interleaver 1 3, the framing/spreading 
unit 14D, and the radio frequency transmitter 15. This 
controller 1 1 D supplies compressed mode information io 
such as transmission timings in compressed mode to 
the framing/spreading unit 14D. Furthermore, this con- 
troller 1 1 D instructs increase or decrease of the trans- 
mission power to the radio frequency transmitter 15, 
based on received power information and TPC bit infor- is 
mation received from the receiver 2D via an uplink. 
[0189] The error-correction encoder 12, the inter- 
leaver 1 3, and the radio frequency transmitter 1 5 are the 
same as in the first embodiment already described 
above, and explanation thereof will be omitted. As 20 
regards the interleaver 1 3, it has a memory for interleav- 
ing one frame. Furthermore, the radio frequency trans- 
mitter 15 increase or decreases the transmission power 
in accordance with the transmission power increase or 
decrease instruction of the controller 1 1D, and outputs 25 
the transmission signals. 

[0190] The framing/spreading unit 14D is assigned 
operations such as spreading the band In correspond- 
ence with the normal mode and compressed mode, 
using a spreading code for each user, forming a frame 30 
corresponding to each mode, and, when the controller 
1 1 D has instructed a transmission timing in correspond- 
ence with each of the modes, sending the frame to the 
radio frequency transmitter 15 in accordance with that 
transmission timing. 35 
[0191] As shown in FIG. 27, the receiver 2D com- 
prises a controller 21 D, an error-correction decoder 22, 
a deinterleaver 23, a deframing/de-spreading unit 24D, 
a radio frequency transmitter 25. etc. Through negotia- 
tions with the transmitter 1D, the controller 21 D mainly 40 
controls the operations of the deinterleaver 23 and the 
deframing/de-spreading unit 24D. In the compressed 
mode, this controller 21 D supplies compressed frame 
information, such as reception timings and the like for 
receiving compressed mode frames, to the defram- 45 
ing/de-spreading unit 24D. 

[0192] The error-correction decoder 22, the deinter- 
leaver 23. and the radio frequency transmitter 25 are the 
same as in the first embodiment already described 
above, and explanation thereof will be omitted. Here, so 
the deinterleaver 23 has a memory for interleaving one 
frame. Furthermore, when the radio frequency receiver 
25 has received a reception signal, it notifies the con- 
troller 21 D of information (information on reception 
power) showing the reception power. 55 
[0193] When the deframing/de-spreading unit 24D 
has received reception timings in correspondence' with 
each of the modes from the controller 2 ID, it extracts 



the reception signal from the radio frequency transmitter 
25 in accordance with the reception timings. Further- 
more, in the compressed mode, this deframing/de- 
spreading unit 24D receives compressed frame infor- 
mation from the controller 21 D and performs deframing 
and de-spreading, and sequentially outputs the frames 
to the deinterleaver 23. Furthermore, the deframing/de- 
spreading unit 24D detects TPC bits from the received 
signal, and notifies the controller 21 D of these. 
[0194] Next, the relationship between the TPC bits 
and the transmission power control amount will be 
explained. FIG. 28 is a diagram showing the relationship 
between transmission power control symbols and trans- 
mission power control amounts according to the sev- 
enth embodiment. The table shown in FIG. 28 is held by 
the controller 110 of the transmitter 1D and also the 
controller 21 D of the receiver 2D. The TPC bit is the 
transmission power control symbol, and since it com- 
prises one bit, it has two states: 1 (ON) and 0 (OFF). In 
the normal mode, a transmission power control amount 
of +1 .0 dB (decibel) is applied in the 1 (ON) state and a 
transmission power control amount of -1 .0 dB is applied 
in the 0 (OFF) state. That is, the unit of transmission 
power control in the normal mode is 1 dB. 
[0195] On the other hand, in the compressed mode, a 
transmission power control amount of -»-3.0 dB (deci- 
bels) is applied in the 1 (ON) state, and a transmission 
power control amount of -3.0 dB is applied in the 0 
(OFF) state. That is, the unit of transmission power con- 
trol in the normal mode is 3 dB. The transmission power 
control unit used in the compressed mode has a greater 
absolute value than that used in the normal mode, for 
the reason that idle period (non-transmission timing) in 
the compressed mode lowers the adhesion capability to 
the transmission power control. 

[0196] Next, the operation will be explained. The sev- 
enth embodiment differs from the other embodiments in 
respect of its transmission power control function, and 
therefore only the transmission power control will be 
explained. FIG. 29 is a flowchart explaining the trans- 
mission power control operation in compressed mode 
according to the seventh embodiment. Transmission 
power control of the transmitter 1 D and the receiver 2D 
explained here is the transmission power control to an 
uplink. 

[0197] A TPC bit from the receiver 2D and reception 
power information on the receiver 2D side are sent to 
the transmitter 1 D. In the transmitter 1 D. when the TPC 
bit and the reception power information are received 
(Step S701), transmission power increase/decrease 
information is determined based on this received infor- 
mation (Step S702). Then, transmission from the radio 
frequency transmitter 1 5 is controlled at that determined 
transmission power (Step S703). 
[0198] More specifically, for instance, when there is 
one TPC bit, an instruction is made to increase the 
transmission power, and consequently the transmission 
power control of +3 dB from the table of FIG. 28 is set. 
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Therefore, an instruction to transmit after raising the 
present transmission power by 3 dB is sent to the radio 
frequency transmitter 1 5. On the other hand, when the 
IPC bit is 0, an instruction is given to decrease the 
transmission power, by setting the transmission power 5 
control of -3 dB from the table of FIG. 28. Therefore, an 
instruction to transmit after decreasing the present 
transmission power by 3 dB is sent to the radio fre- 
quency transmitter 15. 

[0199] As described above, according to the seventh w 
embodiment, in the compressed mode, transmission 
power is controlled so that the transmission power con- 
trol unit for one transmission is greater than in the nor- 
mal mode, and consequently, even when the temporal 
intervals of the transmission power control during inter- 15 
mittent transmission are wider, it is possible to widen the 
control range of the transmission power and maintain 
adhesion to the transmission power in the compressed 
mode. As a consequence, the amount of error of trans- 
mission power control in the compressed mode can be 20 
reduced. 

[0200] Furthermore, in the seventh embodiment, in 
the compressed mode, a compressed frame may be 
slotted and transmitted intermittently in N slot units in 
the same manner as in the third embodiment described 25 
above. Consequently, It is possible to transmit transmis- 
sion power control bits in the downlink in comparatively 
short time intervals. As a result, the amount of error in 
the transmission power control can be reduced. 
[0201] In the above-mentioned seventh embodiment, 30 
the TPC bit states were limited to two types of increase 
and decrease, but the present invention is not restricted 
to this, and it is acceptable to vary the amount of trans- 
mission power control for each mode, as in an eighth 
embodiment explained below. The eighth embodiment 35 
has the same overall constitution as the seventh 
embodiment described above, and so only the differing 
aspects of the operation will be explained below. In the 
following explanation, the reference numerals of FIG. 27 
will be used. 40 
[0202] Firstly, the relationship between the TPC bits 
and the transmission power control amount will be 
explained. FIG. 30 is a diagram showing the relationship 
between transmission power control symbols and trans- 
mission power control amounts according to the eighth 45 
embodiment. The table shown in FIG. 30 is held by the 
controller 11 D of the transmitter 1 D and also the control- 
ler 21 D of the receiver 2D. 

[0203] In the eighth embodiment, the TPC bit is the 
transmission power control symbol, and there are two so 
bits. Therefore, there are four types of states: (11B (B 
represents a binary number), 10B, GIB, and OOB). The 
two TPC bit states 11B and 10B represent an increase 
of transmission power, and the two TPC bit states GIB 
and OOB represent a decrease of transmission power. 55 
[0204] In the norma! mode, as in the seventh embod- 
iment described above, there are only two types of 
states, ON and OFF. However, since two TPC bits are 



used, ON is 1 1B and OFF is OOB. When the TPC bits 
are 11B the transmission power control amount is +1 
dB, and when they are OOB the transmission power con- 
trol amount is -1 dB. Similarly, in the compressed mode, 
as in the seventh embodiment described above, when 
the TPC bits are 118 the transmission power control 
amount is increased by three times the transmission 
power control amount in the normal mode, namely +3 
dB, When the TPC bits are OOB the transmission power 
control amount is increased by three times of the trans- 
mission power control amount in the normal mode, 
namely -3 dB. in the eighth embodiment, four types of 
variation are applied to the transmission power control 
amount in the compressed mode, so that when the TPC 
bits are 10B the transniission power control amount is 
+1 dB, and when they are 01 B the transmission power 
control amount is -1 dB. 

[0205] In the normal mode, when the TPC bits are in 
the 11 B state, a transmission power control amount of 
+1.0 dB (decibels) is applied, and in the OOB state, a 
transmission power control amount of -1.0 dB is 
applied. That is, the unit of transmission power control in 
the normal mode is 1 dB. In the normal mode, there are 
no stipulations concerning the state 10B and the state 
018, and the transmission power remains in its current 
state during this mode. 

[0206] On the other hand, in the compressed mode, 
when the TPC bits are 1 1 B, a transmission power con- 
trol amount of +3.0 dB (decibels) is applied, and when 
the TPC bits are OOB, a transmission power control 
amount of -3.0 dB is applied. That is, when the TPC bits 
are at 1 1 B or OOB, the unit of transmission power control 
in the normal mode is 3 dB. 

[0207] Furthermore, in the compressed mode, when 
the TPC bits are 10B, a transmission power control 
amount of +1 .0 dB (decibel) is applied, and when the 
TPC bits are 01 B, a transmission power control amount 
of -1 .0 dB Is applied. That is, when the TPC bits are at 
1 0B or 01 B, the unit of transmission power control in the 
compressed mode is 1 dB. 

[0208] Thus, the transmission power control unit is 
varied in the compressed mode in order to improve the 
adhesion capability of the transmission power control, 
making it possible to appropriately accommodate 
changes in the idle period (non-transmission timing) in 
the compressed mode. 

[0209] Next, the operation will be explained. The 
eighth embodiment differs from the other embodiments 
in respect of its transmission power control function, 
and therefore only the transmission power control will 
be explained. FIG. 31 is a flowchart explaining the 
transmission power control operation in compressed 
mode according to the eighth embodiment. Transmis- 
sion power control of the transmitter 1 D and the receiver 
2D explained here is the transmission power control to 
an uplink. 

[0210] A TPC bit from the receiver 2D and reception 
power information on the receiver 2D side are sent to 
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the transmitter ID. When the transmitter ID receives 
the TPC bit and the reception power information (Step 
S801) it determines the value of the TPC bits (Step 
8802). Then, the table of FIG. 30 is consulted, and a 
desired transmission power Increase/decrease informa- 
tion is set, based on the determination in the Step S802 
(Step S803), Then, transmission to the radio frequency 
transmitter 15 is controlled at the set transmission 
power (Step S804). 

[0211] More specifically, for instance, when the TPC 
bits are 11 B, an Instruction is made to increase the 
transmission power, and the transmission power control 
of +3 dB from the above-mentioned table of FIG. 30 is 
set. Therefore, an instruction to transmit after, raising 
the present transmission power by 3 dB is sent to the 
radio frequency transmitter 1 5. On the other hand, when 
the TPC bits are OOB, an instruction is given to decrease 
the transmission power, by setting the transmission 
power control of -3 dB from the table of the above-men- 
tioned FIG. 30. Therefore, an instruction to transmit 
after decreasing the present transmission power by 3 
dB is sent to the radio frequency transmitter 1 5. 
[0212] Furthermore, when the TPC bits are 10B, an 
instruction is made to increase the transmission power, 
and the transmission power control of +1 dB from the 
above-mentioned table of FIG. 30 is set. Therefore, an 
instruction to transmit after raising the present transmis- 
sion power by 1 dB is sent to the radio frequency trans- 
mitter 15. On the other hand, when the TPC bits are 
01 B, an instruction is given to decrease the transmis- 
sion power, by setting the transmission power control of 
-1 dB from the table of the above-mentioned FIG. 30. 
Therefore, an Instruction to transmit after decreasing 
the present transmission power by 1 dB is sent to the 
radio frequency transmitter 15. 

[0213] As described above, according to the eighth 
embodiment, transmission power is controlled in com- 
pliance with transmission power control units in corre- 
spondence with the norma! mode and the compressed 
mode, and in addition, in correspondence with the tem- 
poral intervals of the transmission power control in the 
compressed mode. Therefore, in the compressed 
mode, even when the temporal intervals of the transmis- 
sion power control fluctuate and become long during 
intermittent transmission, it is possible to use an appro- 
priate transmission power control range, and thereby 
maintain adhesion to the transmission power. As a con- 
sequence, the amount of error of transmission power 
control in the compressed mode can be reduced. 
[0214] The number of TPC bits and the transmission 
power is greater than the seventh embodiment 
described above. However, transmission power Is in any 
case greater in compressed mode so that the needed 
transmission power of the TPC bit is attained by that 
greater power. Consequently, there is a merit that the 
transmission error rale has almost no effect on the con- 
trol performance. 

[0215] Furthermore, in the eighth embodiment, in the 



compressed mode, a compressed frame may be slotted 
and transmitted intermittently in N slot units in the same 
manner as in the third embodiment described above. 
Consequently, it is possible to receive transmission 

5 power control bits transmitted in the downlink in com- 
paratively short time intervals. As a result, the amount of 
error in the transmission power control can be reduced. 
[021 6] In the embodiments 1 to 8 explained above, the 
transmission format in the compressed mode has a 

10 constitution for maintaining interleaving performance 
and transmission power control precision, but the 
present invention is not restricted to this, and it is 
acceptable to set the transmission format in considera- 
tion of reducing the number of spreading codes used, 

15 as in the following ninth embodiment. 

[0217] Firstly, the constitution of a base station In 
which the CDhAA system of a ninth embodiment of the 
present invention has been applied will be explained. 
The constitution of the mobile stations will be not 

20 explained here. FIG. 32 is a block diagram showing an 
example constitution of a base station according to the 
ninth embodiment of the present invention. As shown in 
FIG. 32, this base station comprises a transmitter group 
100, an adder 1 10, a radio frequency transmitter 120, a 

25 compressed mode controller 200 which is connected to 
the transmitter group 100 and controls transmission in 
the compressed mode, etc. Radio communication 
between the base station and mobile stations not shown 
in the diagram are performed using the CDf^A commu- 

30 nication method. 

[0218] The transmitter group 100 comprises multiple 
transmitters #1 to #M (where M is a natural number) for 
creating transmission data separately for users in corre- 
spondence with a serviceable number of users. Each of 

35 the transmitters #1 to #M has the same constitution. 
The constitution will be explained taking the transmitter 
#1 as an example. As shown in FIG. 32, the transmitter 
#1 comprises a controller 11E, the error-correction 
encoder 12, the interleaver 13, a framing/spreading unit 

40 14E, a transmission power control amplifier 1 6, etc. 
[0219] Through negotiations with the compressed 
mode controller 200, the controller 1 1 E mainly controls 
the operations of the interleaver 13. the framing/spread- 
ing unit 14E, and the transmission power control ampli- 

45 fier 16. In the compressed mode, the controller 11 E 
supplies transmission timings for transmitting com- 
pressed mode frames, and spreading codes having a 
lower spreading factor than those normally used for 
transmitting compressed mode frames, to the fram- 

50 ing/spreading unit 14E. 

[0220] The error-correction encoder 12 and the inter- 
leaver 13 are the same as in the first embodiment 
already described above, and explanation thereof will 
be omitted. As regards the interleaver 13, it has a mem- 

55 ory for interleaving one frame. 

[0221] The framing/spreading unit 14E spreads the 
band using spreading codes of different spreading fac- 
tors in correspondence with the normal mode and the 
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compressed mode, and forms a frame for each mode. 
When the controller 11 E has instructed transmission 
timings in correspondence with each of the modes, the 
framing/spreading unit 14E sends the frames to the 
transmission power control amplifier 16 in accordance 5 
with the transmission timing. Furthermore, in the com- 
pressed mode, this framing/spreading unit 14E receives 
an instruction from the controller 11E to iower the 
spreading factor, and in accordance with that instruction 
it obtains a transmission signal using a lower spreading 
factor than in the normal mode. 

[0222] In compliance with the control of the controller 
11E, the transmission power control amplifier 16 ampli- 
fies the average transmission power of the transmission 
signal, obtained by the framing/spreading unit 14E, in 15 
the compressed mode as compared with the normal 
mode, and outputs the transmission signal. The trans- 
mitters #1 to #M independently determine whether or 
not to use compressed mode transmission, and further- 
more, since the ratio of compression in the compressed 20 
mode is set independently by the individual transmitters 
#1 to #M, transmission power control amplifiers 16 are 
provided independently to the individual transmitters #1 
to#M. 

[0223] The adder 110 adds the transmission signals 25 
outputted from the transmitters #1 to #M comprising the 
transmitter group ICQ, and sends them to the radio fre- 
quency transmitter 120 provided in the latter-stage. The 
radio frequency transmitter 120 converts the signal out- 
put obtained by the adder 1 1 0 to a radio frequency, and 30 
transmits it. One radio frequency transmitter 120 is pro- 
vided in each base station. 

[0224] As shown in FIG. 32, the compressed mode 
controller 200 comprises a compressed mode manager 
201, a frame combination controller 202, a spreading 35 
code allocation controller 203, a transmission timing 
controller 204, etc. The compressed mode manager 
201 manages the compressed mode of each transmitter 
in the transmitter group 100, and inputs/outputs control 
data for to the compressed mode. 40 
[0225] The frame combination controller 202 receives 
transmission period information about compressed 
mode frames of transmitters performing compressed 
mode transmission from the compressed mode man- 
ager 201. In compliance with that transmission period 45 
information, the frame combination controller 202 
searches among the multiple compressed mode frames 
for a combination of frames having a total transmission 
timing which is within one frame duration. 
[0226] The spreading code allocation controller 203 so 
allocates a spreading code, to be used for spreading a 
compressed mode frame, to transmitters transmitting in 
the compressed mode. The transmission timing control- 
ler 204 controls the timings at which compressed mode 
frames are to be transmitted in the compressed mode. ss 
[0227] Next, frame transmission including com- 
pressed mode will be explained. FIG. 33 is a diagram 
explaining frame transmission of a downlink according 



to the ninth embodiment. In FIG. 33, the vertical axis 
represents transmission rate/transmission power, and 
the horizontal axis represents time. In the CDMA sys- 
tem, during normal transmission, a period of time is pro- 
vided to slot the frame and transmit it intermittently, and 
the strength of the other frequency carriers is measured 
using the fact that the frames are not transmitted (idle 
period) during that period. 

[0228] For that purpose, the slotted frame must be 
compressed, and in a conventional method, the spread- 
ing factor is decreased when transmitting the com- 
pressed frame. In this case, a smaller number of 
spreading codes having a lower spreading factor must 
be allocated to each user carrying out compressed 
mode transmission, consuming valuable spreading 
code resources. 

[0229] Accordingly, as shown in FIG. 33, for instance 
during compressed mode transmission between the 
base station of FIG. 32 and mobile stations Ml and M2, 
a group of compressed mode frames is collected from 
among the compressed mode frames created by multi- 
ple users in such a way that the collected group has a 
total transmission period of less than one frame dura- 
tion. The same spreading code having a low spreading 
factor is allocated to each frame in the group, and they 
are transmitted at times which do not overlap within one 
frame duration, thereby enabling multiple mobile sta- 
tions to share one spreading code. That is, in the down- 
link for the mobile stations Ml and M2, different 
spreading codes A and B are fixedly allocated to the 
mobile stations Ml and M2 during the normal mode 
(normal transmission). 

[0230] On the contrary, in the compressed mode (slot- 
ted transmission), an identical spreading code C is allo- 
cated to both of the mobile stations Ml and M2, and the 
compressed mode frame transmission timings of the 
mobile stations Ml and M2 are controlled so that their 
transmission timings which both use the spreading code 
C do not overiap, enabling the compressed mode frame 
of each to be transmitted during the idle period T2 or T1 
of the other. 

[0231] Next, the operation will be explained. Firstly, 
the operation of the framing/spreading unit 14E during 
the compressed mode in the transmitters #1 to #M will 
be explained. FIG. 34 is a flowchart explaining the 
transmission operation in the compressed mode 
according to the ninth embodiment of the present inven- 
tion. The execution of the operation of FIG. 34 is control- 
led by the controller 11 E although the individual 
operations are performed by various sections. In the 
compressed mode, interieaving in one frame is 
instructed to the interieaver 13 (Step S901), and the 
interieaver 13 interieayes one frame. Then, information 
relating to the compressed mode frame is output to the 
compressed mode controller 200 (Step S902). 
[0232] Then, a negotiation is carried out with the com- 
pressed mode controller 200, and a spreading factor 
(spreading code) instruction of the compressed mode 
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controller 200 and a connpressed mode frame transmis- 
sion timing are supplied to the framing/spreading unit 
14E (Step S903). Moreover, the transmission power 
control amplifier 16 is instructed to increase the average 
transmission power (Step S904), and the compressed 5 
mode frame is transmitted at a high transmission power. 
In this way, frames are transmitted intermittently (non- 
continuously) in the compressed mode. 
[0233] Next, the control operation in compressed 
mode of the compressed mode controller 200 will be io 
explained. FIG. 35 is a flowchart explaining the com- 
pressed mode control operation according to the ninth 
embodiment. The operation of FIG. 35 is controlled by 
the compressed mode manager 201 although the indi- 
vidual operations are performed by various sections in is 
the compressed mode controller 200. In FIG. 35, infor- 
mation relating to compressed mode is gathered 
through communication between the transmitters #1 to 
#M. 

[0234] Accordingly, the channels are checked to 20 
determine whether they are in the compressed mode 
(Step 8911). Then, when it has been confirmed that 
there are multiple channels in the compressed mode 
(Step S912), the transmission period of the compressed 
mode frame in each channel in compressed mode is 25 
checked (Step S913), On the other hand, if there are no 
multiple channels in the compressed mode in the Step 
S912, the processing returns to the Step S91 1 . 
[0235] When checking the transmission period in the 
Step S913, the transmission periods of the compressed 30 
mode frames extracted from each channel in the com- 
pressed mode are calculated together in a given combi- 
nation to form one transmission duration. Then, it is 
determined whether the total times of the combinations 
include any combinations which can fit into one frame 3S 
duration (Step S914). 

[0236] As a result, when there is a combination which 
can fit into one frame duration, that combination is used 
for compressed mode frame transmission by allocating 
a single spreading code and mutually differing transmis- 40 
sion timings to the channels (transmitters) of the com- 
pressed mode frames included in the combination (Step 
S915). On the other hand, if there are no combinations 
which can fit into one frame duration, multiple channels 
cannot be transmitted with a single spreading code, and 45 
so the processing returns to the Step S91 1. 
[0237] As described above, according to the ninth 
embodiment, in the compressed mode controller 200, a 
combination is extracted from given combinations of 
multiple compressed mode frames compressed by sep- so 
arate users in the transmitter group 100, the extracted 
combination having a total transmission timing of less 
than one frame duration, the same spreading code is 
allocated to each of multiple channels which transmit 
the extracted combination, and the transmission timings 55 
of the compressed mode frames which comprise the 
above extracted combinations are controlled in such a 
manner that they do not temporally overlap within one 



frame duration, while using the same spreading code. 
As a consequence, when there are multiple com- 
pressed mode frames, it is possible to reduce the 
number of spreading codes having low spreading fac- 
tors used In the compressed mode. As a result, spread- 
ing code resources can be effectively used in the 
compressed mode. 

[0238] Furthermore, in the ninth embodiment, in the 
compressed mode, a compressed frame may be 
divided into the front and rear of the same frame timing 
as in the normal mode, and transmitted intermittently in 
compliance with that arrangement in the same manner 
as in the second embodiment described above. Conse- 
quently, it is possible to secure an appropriate interleav- 
ing time in compressed mode in the same way as in the 
normal mode, with a simple interleave constitution. As a 
result, poor performance caused by Interleaving In bit 
units can be prevented. 

[0239] Furthermore, in the ninth embodiment, in the 
compressed mode, a compressed frame may be slotted 
and transmitted intermittently in N slot units in the same 
manner as in the third embodiment described above. 
Consequently, it is possible to receive transmission 
power control bits transmitted in the downlink in com- 
paratively short time intervals. As a result, the amount of 
error in the transmission power control can be reduced. 
[0240] In the above explanation, only a sample of an 
example combination of the characteristic parts of the 
embodiments 1 to 9 was shown, and other combina- 
tions thereof can of course be realized. 
[0241] The embodiments 1 to 9 of the present inven- 
tion were explained above, but various modifications are 
possible within the range of the main points of the 
present invention, and these are not excluded from the 
range of the invention. 

[0242] The embodiments 1 to 9 described above 
explain how a period of time is provided to slot the frame 
and transmit it intermittently, and the strength of other 
frequency carriers is measured using non-transmission 
time, i.e. idle period, during that period. However, the 
method of establishing synchronization between the 
mobile stations and the base station in an actual hando- 
ver between different frequencies was not mentioned. 
Therefore, a communication device capable of realizing 
handovers between different frequencies using the 
invention, and a method of establishing synchronization 
thereof, will be explained below. 

[0243] Firstly, before describing a handover between 
different frequencies, the constitution of information 
transmitted and received between the mobile stations 
and the base station will be explained. 
[0244] FIG. 37 shows a frame constitution of a broad- 
cast channel (BCH). In a W-CDMA system, as shown in 
FIG. 37 (a), one frame of the broadcast channel com- 
prises sixteen slots, for instance, corresponding to #1 to 
#16 in the diagram. Furthermore, as shown in FIG. 37 
(b), one slot comprises ten symbols (representing one 
cycle of the spreading code). In this constitution, the 



24 



47 



EP 0 984 581 A1 



48 



four symbols shown by "P" in the diagram are pilot sym- 
bols needed for detecting phase information, the five 
symbols shown by "D1 to D5" in the diagram are infor- 
mation components of the broadcast channel, and one 
symbol shown by "FSC" (first search code) and "SSC" 5 
(second search code) in the diagram is a search code. 
The first search code and the second search code are 
transmitted at the same time. 

[0245] Furthermore, in the W-CDMA system, spec- 
trum spreading is performed using spreading codes, the 10 
spreading codes comprising two elements called a 
spreading code (short code) specific to the channels, 
and a scrambling code (long code) specific to the base 
stations (see FIG. 37(c) and FIG. 37(d)). The same 
spreading code is used for the pilot symbol P and the is 
information components D1 to D5, and different spread- 
ing codes (COMMON and C+Walsh in the diagram) are 
used for the search codes. Furthermore, only the 
search code is not spread by the scrambling code. Next, 
the normal mode sequence of establishing synchroniza- 20 
tion between the base station and the mobile stations in 
the W-CDMA system will be explained keeping in mind 
the basic assumption (constitution of the broadcast 
channel frame) mentioned above. 

[0246] In a W-CDMA system, the cells are basically 25 
unsynchronized, that is, the frame timings and the like 
do not generally match. Accordingly, in the W-CDMA 
system, the mobile stations and the base stations can 
be synchronized using, for instance, a three-stage initial 
acquisition method. 30 
[0247] In the first stage, a first search code (FSC), 
being transmitted commonly from all the base stations 
and time-continually, is detected. Using this, slot syn- 
chronization can be established. 

[0248] In the second stage, multiple second search 35 
codes (SSC). transmitted at the same timing as the first 
search code, are detected continuously in sixteen slots, 
and determined in their transmission sequence. As a 
consequence, frame synchronization can be estab- 
lished, and moreover, a scrambling code group number 40 
can be identified. More specifically, for instance, as 
shown in FIG. 38, the second search codes are 
detected in sixteen continuous slots. Then, frame syn- 
chronization can be accomplished from one cycle com- 
prising #1 to *16 from the second search codes 45 
detected in this manner. Moreover, the scrambling code 
group number can be identified based for instance on a 
correspondence table such as that shown in FIG. 39. 
Here, the slot # on the horizontal axis represent slot 
numbers, and the groups on the vertical axis represent so 
scrambling code groups. Furthermore, there are seven- 
teen types of second search codes (1 to 17), and from a 
combination of sixteen slots it is possible to uniformly 
identify the scrambling code group number, i.e. the 
scrambling code used by the base station which the 55 
mobile station belongs to. The numeric values of the 
second search codes stored in this table are one spe- 
cific example to explain the present invention, and in the 



sense of identifying a given numeric pattern, other 
numeric values can of course be used. 
[0249] In the third stage, it is identified which of the 
multiple scrambling codes contained in the scrambling 
group numbers are being used, to complete the estab- 
lishment of synchronization of the downstream line of 
the corresponding base station. 

[0250] FIG. 40 is a flowchart of a case when the syn- 
chronization establishment sequence described above 
is actually being performed on the mobile station side. 
Below, the operation of the mobile station wilt be 
explained based on FIG. 37. 

[0251] Firstly, the mobile station performs processing 
corresponding to the first stage, by detecting the first 
search code (Step S921). Detection is carried out con- 
tinuously until a first search code is detected (Step 
8922). 

[0252] When the first search code has been detected 
(YES in the Step S922), the mobile station synchronizes 
the slots, and then detects sixteen second search codes 
in the second stage (Step S923). Here, at the mobile 
station, when a second search code cannot be detected 
due to the condition of the channels or the like (NO In 
Step 924), the number of undetected places is counted 
(Step S925), and it is determined whether there are 
more or less of these than a predetermined number set 
in advance (Step S926). For instance, when there are 
more of them, the second search code is detected again 
(Step S923), and on the other hand, when there are 
fewer of them, only that portion is detected (Step S927 
and Step 928). 

[0253] In this way, when alt the second search codes 
have been detected (YES in the Step S924, and YES in 
the Step 928), as explained above, the mobile station 
establishes frame synchronization, and identifies the 
scrambling code group number. 

[0254] Finally, as the third stage, the mobile station 
identifies the scrambling code used by the correspond- 
ing base station (Step 931 , YES in Step 932), complet- 
ing the establishment of initial synchronization. Thus 
communication becomes possible. When calculating 
the correlation value of the identified scrambling codes 
(Step S933), when all the codes are below a predeter- 
mined reference value (YES in Step 934), the second 
search codes are detected again (Step S923); other- 
wise (NO in the Step S934), the scrambling codes are 
reidentified until the Step 931 is completed. 
[0255] On the other hand, as explained earlier (in a 
case requiring a handover as explained in the conven- 
tional technology), when performing a handover 
between different frequencies, the power of other carri- 
ers is measured in compliance with an order from the 
base station or a determination carried out by the 
mobile station, and if there is a carrier which seems 
actually capable of a frequency handover, the handover 
is carried out according to a predetermined sequence. 
At that point, a first search code can be detected without 
fail, i.e., at least once in the idle period described in the 
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above embodiments 1 to 9. However, to detect a second 
search code it is necessary to search one frame, i.e, all 
sixteen slots, and consequently it cannot be detected in 
this way. Therefore, similarly, it is not possible to detect 
the scrambling code group number. 
[0256] Accordingly, it is an object of the present 
embodiment to realize a communication device capable 
of detecting all second search codes by gradually shift- 
ing the idle period of not more than half of one frame. 
[0257] FIG. 41 shows a constitution of a receiver 
according to a tenth embodiment of the present inven- 
tion. This constitution is provided to the mobile stations. 
[0258] As shown in FIG. 41, the receiver 2E com- 
prises a controller 21 E, an error-correction decoder 22. 
a deinterleaver 23, a deframing/de-spreading unit 24E, 
a radio frequency transmitter 25, a time/de-spreading 
unit 51, a detecting/determining unit 52, and a switch 
53, Parts of the constitution which are the same as the 
embodiments already described are represented by the 
same reference codes and explanation thereof will be 
omitted. 

[0259] Through negotiations with a transmitter not 
shown in the diagram, the controller 21 E mainly controls 
the operations of the deinterleaver 23, the defram- 
ing/de-spreading unit 24E, and the switch 53. By nego- 
tiating with the transmitter, this controller 21 E indicates 
frame numbers of the frames to be deinterleaved, 
appropriate to the normal mode and the compressed 
mode. Furthermore, in the compressed mode, this con- 
troller 21 E supplies an instruction to reduce the spread- 
ing factor, and reception timings for receiving 
compressed mode frames, to the switch 53, the defram- 
ing/de-spreading unit 2E, and the time/de-spreading 
unit 51 . That is, the switch 53 and the time/de-spreading 
unit 51 are connected only in the idle period. 
[0260] The radio frequency receiver 25 decodes 
received signals sent from an antenna not shown in the 
diagram. The deframing/de-spreading unit 24E de- 
spreads using spreading codes allocated to the users of 
the receiver 2E in correspondence with the normal 
mode and the compressed mode, and forms a frame for 
each mode. When the controller 21 E has instructed the 
deframing/de-spreading unit 24E of reception timings in 
correspondence with each of the modes, the defram- 
ing/de-spreading unit 24E extracts the received signals 
from the radio frequency receiver 25 in accordance with 
the reception timings. Furthermore, in the compressed 
mode, the deframing/de-spreading unit 24E receives an 
instruction from the controller 21 E to reduce the spread- 
ing factor, and, in accordance with that instruction, 
obtains a received signal using a lower spreading factor 
than in the normal mode. The deinterleaver 23 chrono- 
logically interleaves (delnterleaves) the coded data in bit 
units, in a reverse sequence to the interleaving in the 
transmitter. The error-correction decoder 22 corrects 
errors in the deinterleaved signal to obtain decoded 
data, i.e. a received data stream. 
[0261] Furthermore, during the idle period, the 



time/de-spreading unit 51 detects first search codes 
and second search codes on other carriers. The detect- 
ing/determining unit 52 carries out a determining proc- 
ess, described later, based on the detected first search 
5 codes and second search codes. 

[0262] The receiver 2E having the constitution as 
shown in FiG. 42 normally receives a compressed 
frame on a carrier (frequency: f1) being used in commu- 
nication. In idle period this receiver 2E receives the 
10 search code on another carrier (frequency: f2). 

[0263] Next, the operation in the receiver 2E when 
performing a handover will be explained. FIG. 43 is a 
flowchart of the procedures of establishing synchroniza- 
tion performed on the mobile station side during a 
75 handover between W-CDMA/W-CDMA different fre- 
quencies. In the handover explained below, the control- 
ler 21 E carries out control based on a determination of 
the detecting/determining unit 52. 
[0264] For instance, in the case of a handover per- 
20 formed in accordance with a command from the base 
station or a determination of the mobile station, the 
mobile station extracts cell information of other fre- 
quency carriers from the base station (Step S941). 
[0265] Next, based on the extracted information, the 
25 mobile station carries out processing corresponding to 
the first stage by detecting a first search code and a dif- 
ferent frequency carrier during the idle period of the 
compressed mode (Step S942). Basically, this detecting 
is performed continuously until the first search code is 
30 detected (Step S943), but returns to redetecting the cell 
information and the first search code in accordance with 
a setting of the receiver (Step S944). During the idle 
period, the switch 53 is connected to the timing/de- 
spreading unit 51 in compliance with the controller 21 E. 
35 [0266] When the first search code and the different 
frequency carrier have been detected (YES in the Step 
S943), the mobile station establishes slot synchroniza- 
tion, and then detects sixteen second search codes in 
the second stage (Step S945). As the second search 
40 code detection, as for instance shown in FIG. 44, the 
controller 21 E shifts the idle period for each slot, and 
detects one second search code in each frame. That is, 
all the second search codes are detected in sixteen 
frames. 

45 [0267] Furthermore, the method of detecting the sec- 
ond search code is not restricted to this, and two second 
search codes may be detected in one framer-as for 
instance shown in FIG. 45. This case differs form) FIG. 
44 in that all the second search codes can be^^tected 

50 in eight frames. Furthermore, when continuously con- 
trolling multiple frames (two frames are shown in the 
diagram), as for instance shown in FIG. 46 and FIG. 47. 
all the second search codes can be detected by setting 
th e idle period . As explained above, tti^_idle_(D£riod 

55 n eeds only to be set to a maximum of half the d uration 
Pi- Ope fra me, there being many conceivablejiariatipns 
other tharfthe above.'The>ifo number of framed 

detectea""^les according to ThT^length of the' idle 
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period. Furthermore, detection reliability can be 
improved by detecting all the second search codes a 
number of times. 

[0268] However, when the _ldle period is set long, 
although the detection time does not take longer than 
when t he idle period is short, there may be some dete- 
rioration in the quality of information data that was being 
transmitted, or interference power may be increased if 
the transmission power is increased to maintain the 
quality of this data. On the other hand, when the idle 
period is shortened, although there is not as much dete- 
rioration in the quality of information data as compared 
to when the idle period is long, the detection time is 
much longer. Accordingly, an optimum idle per iod must 
be set at the receiver side, with consideration to synthe- 
sizer performance-(synthe'sizer switcfiingTtime and the 
iike)-and-the-ehanne! condition and the like. Further- 
more, the portions In the frames of FIG. 45 to FIG. 47 
where the slots overlap must be set as appropriate in 
accordance with synthesizer performance (synthesizer 
switching time and the like). 

[0269] In the Step S945, when the mobile station is 
unable to detect a second search code due to the con- 
dition of the channel (NO in Step S924), the number of 
undetected places is counted (Step S925), and it is 
determined whether there are more or fewer than a pre- 
determined number (Step S926); for instance, when 
there are more, the second search codes are detected 
again, on the other hand, when there are fewer, detect- 
ing is carried out in that portion only. 
[0270] In this way, when all the second search codes 
have been detected (YES in the Step S924, or YES in 
the Step 928), the mobile station establishes frame syn- 
chronization to the other carrier, and identifies the 
scrambling code group number of the corresponding 
base station. 

[0271] Finally, as the third stage, the mobile station 
identifies the scrambling code used by the correspond- 
ing base station (Step 931, YES in Step 932), complet- 
ing the establishment of initial synchronization in the 
handover. Thus communication is possible. When cal- 
culating the correlation value of the identified scram- 
bling codes (Step S933), when alt the codes are below 
a predetermined reference value (YES in Step 934), the 
second search codes are detected again (Step S923); 
otherwise (NO in the Step S934), the scrambling codes 
are reidentified until the Step 931 is completed. 
[0272] Next, a handover operation with another com- 
munication system known as GSM (Global System for 
Mobile Communication) will be explained using the dia- 
grams. This handover is also performed at the receiver 
2E shown in FIG. 41. Therefore, in this case, instead of 
the first search codes and the second search codes, the 
time/de-spreader 51 detects FCCH and SCH explained 
below. 

[0273] FIG. 48 is a diagram showing a constitution of 
a GSM superframe. FIG. 48 (a) is a GSM control chan- 
nel, that is, a channel showing control information such 



as a Frequency Correction CH (FCCH) for tuning fre- 
quencies, a Synchronization CH (SCH) for synchroniz- 
ing, as well as other information. FIG. 48 (b) shows a 
GSM Traffic CH (TCH). Furthermore, FIG. 49 is a flow- 
5 chart in a case when a mobile station establishes syn- 
chronization in a handover between W-CDMA and 
GSM. 

[0274] Firstly, as a first stage, the W-CDMA mobile 
station must discover where the GSM frequency carrier 

10 is, and so repeatedly coarsely measures power until it 
finds the carrier (Step S951 and Step S952). 
[0275] Next, when the mobile station has finished 
power measurement, as a second stage, based on the 
measurement result, it finely adjusts the carrier fre- 

75 quency, measured by capturing the FCCH, and identi- 
fies the GSM carrier (Step S953). In the GSM, one 
superframe comprises fifty-one frames, including five 
FCCH. Therefore, the W-CDMA system mobile station 
tunes the frequency in these five periods (Step S954 

20 and Step S955). Furthermore, the FCCH can be 
detected without shifting the idle period, by utilizing the 
fixed time difference between the FCCH/SCH super- 
frame synchronization and the superframe synchroniza- 
tion in the W-CDMA system. However, the FCCH can be 

25 detected by gradually shifting the idle period, in the 
same way as in the above-mentioned handover 
between W-CDMA systems. 

[0276] Finally, when the GSM carrier has been identi- 
fied, as a third stage, the mobile station capture the 

30 SCH, which is the frame next to the FCCH, and syn- 
chronizes the bit timings (Step S956, Step S957, and 
Step S958). For instance, if the detection of the FCCH 
is complete, the position of the SCH is already known (it 
is the next frame) and thus it can easily be detected. 

35 Therefore, although it is necessary to identify all the 
superframes to detect the FCCH, the SCH can be 
detected merely by setting the idle period so that the 
frame next to the FCCH can be detected. However, 
when detecting the SCH, there is no need to capture the 

40 SCH immediately after the captured FCCH; for 
instance, the SCH immediately after the next FCCH can 
be captured, or any SCH can be captured. As a conse- 
quence, the W-CDMA system mobile station completes 
the establishment of initial synchronization in the 

45 handover, enabling communication with the GSM to be 
carried out. 

[0277] In this way, according to the present embodi- 
ment, a handover can easily be achieved between dif- 
ferent frequencies (between a W-CDMA system and a 
50 W-CDMA system, and between a W-CDMA system and 
a GSM). 

[0278] The above embodiments 1 to 10 describes in 
detail the spread spectrum communication device of the 
present invention, and the operations of these embodi- 
55 ments share the process of using an interieaver to 
chronoiogicaily interieave in bit units coded data, and 
thereafter, using a framing/spreading unit to compress 
the interieaved data. However, the interleaving of data 
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does not necessarily have to be performed prior to com- 
pression, and can basically be performed in any point. 
For instance, the interleaving may be performed after 3 
the data has been compressed. Therefore, when inter- 
leaving after the data has been compressed, the error- 5 
correction encoder has the function of compressing the 
data, and there is no need for provide a framing/spread- 
ing* unit. In such a case, the constitution of the receiver 
side naturally changes. That is. the deinterleave 
processing is performed first. 

INDUSTRIAL APPLICABILITY 

[0279] As above, the spread spectrum communication 
device according to the present invention is useful for a 15 
code division multiple access (CDMA) communication 
system, and is especially applicable to spread spectrum 
communication carrying out interleaving transmission 
and transmission power control, and moreover, is appli- 
cable as a communication device for carrying out a 20 
handover between different frequencies (between a W- 
CDMA system and a W-CDMA system, and between a 
W-CDMA system and a GSM). 

Claims 25 

1. A spread spectrum communication device applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode and 
intermittently transmitting compressed frames In a 30 
compressed mode, said device comprising: 

4. 

an interleaving unit for interleaving in bit units a 
frame or a compressed frame, which is a unit of 
a transmission data stream, to minimize effects 35 
of transmission errors; 

a compressing/intermittent transmitting unit for 
compressing a frame prior to or after interleav- 5. 
ing in the compressed mode, and moreover, 
intermittently outputting the compressed frame 40 
to said interleaving unit if the compressed 
frame has not yet been interleaved, and inter- 
mittently outputting the compressed frame to a 
device on a receiving side if the compressed 
frame has been interleaved; and 45 
a control unit for controlling the interleaving in 
bit units operation of said Interleaving unit, and 
the compressing/intermittent transmitting oper- 
ation of said compressing/intermittent transmit- 
ting unit; wherein 50 
said control unit controls said interleaving unit 
so as to perform interleaving in bit units across 
multiple frames in the compressed mode. 

2. The spread spectrum communication device 55 
according to Claim 1, characterized in that said 
interleaving unit has a memory size in correspond- 6. 
ence with the number of frames to be interleaved in 



the compressed mode. 

A spread spectrum communication device applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode and 
intermittently transmitting compressed frames in a 
compressed mode, said device comtprising: 

an interleaving unit for interleaving in bit units a 
frame or a compressed frame, which is a unit of 
a transmission data stream, to minimize effects 
of transmission errors; 

a compressing/intermittent transmitting unit for 
compressing a frame prior to or after interleav- 
ing in the compressed mode, and moreover, 
intermittently outputting the compressed frame 
to said interleaving unit if the compressed 
frame has not yet been interleaved, and inter- 
mittently outputting the compressed frame to a 
device on a receiving side if the compressed 
frame has been interleaved; and 
a control unit for controlling the interleaving in 
bit units operation of said interleaving unit, and 
the compressing/intermittent transmitting oper- 
ation of said compressing/intermittent transmit- 
ting unit; wherein 

said control unit controls said compress- 
ing/intermittent transmitting unit so as to divide 
the compressed frame into the front and rear of 
the same frame timing as in the normal mode. 

The spread spectrum communication device 
according to Claim 3, characterized in that said 
control unit controls said interleaving unit so that, in 
the compressed mode, interleaving in bit units is 
performed across multiple frames. 

A spread spectrum communication device applied 
in a code division multiple access system for contin- 
uously transmitting multiple frames in a normal 
mode, and intermittently transmitting compressed 
frames in a compressed mode, said device com- 
prising: 

a compressing/Intermittent transmitting unit for, 
in the compressed mode, compressing a 
frame, which comprises multiple slots and is a 
unit of a transmission data stream, and inter- 
mittently transmitting the compressed frame; 
and 

a control unit for controlling said compress- 
ing/intermittent transmitting unit so as to slot 
the compressed frame, and intermittently 
transmit the slotted frame in N (a natural 
number) slot units. 

The spread spectrum communication device 
according to Claim 5, characterized in thai said 
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control unit determine the N slot units in accord- 
ance with the relationship between measuring 
period of other frequency carrier components and 
the amount of transmission power control error. 

5 

The spread spectrum communication device 
according to Cialm 5 further comprises 

an interleaving unit for interleaving in bit units a 

frame or a compressed frame, which is a unit of w 

a transmission data stream, to minimize effects 

of transmission errors; wherein 

said control unit controls said interleaving unit 

so that, in the compressed mode, interleaving 

in bit units is performed across multiple frames, is 

A spread spectrum communication device applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 20 
compressed mode, said device comprising: 

an interleaving unit for interleaving in bit units a 
frame or a compressed frame, which is a unit of 
a transmission data stream, to minimize effects 2S 
of transmission errors; 

a compressing/intermittent transmitting unit for 
compressing a frame prior to or after interieav- 
ing in the compressed mode, and moreover, 
intermittently outputting the compressed frame 30 
to said interieaving unit If the compressed 
frame has not yet been interieaved, and inter- 
mittently outputting the compressed frame to a 
device on a receiving side if the compressed 
frame has been interieaved; and 35 
a control unit for controlling the interieaving in 
bit units operation of said Interieaving unit, and 
the compressing/intermittent transmitting oper- 
ation of said compressing/intermittent transmit- 
ting unit; wherein 

in said compressed mode, said control unit 
controls said compressing/intermittent trans- 
mitting unit so that multiple frames prior to 
Interleaving in bit units by said interieaving unit, 
or multiple frame after interieaving has been 
performed, are compressed using code-multi- 
plexing in a given frame timing. 

The spread spectrum communication device 
according to Claim 8, characterized in that said so 
control unit controls said interieaving unit so that, in 
the compressed mode, Interieaving in bit units is 
performed across multiple frames. 

The spread spectrum communication device 55 
according to claim 8, characterized in that said 
compressing/intermittent transmitting unit has a 
memory size in correspondence with the number of 



frames to be code-multiplexed in said compressed 
mode. 

11. A spread spectrum communication device applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 
compressed mode, said device comprising: 

a compressing/intermittent transmitting unit for 
compressing a frame, which is a unit of a trans- 
mission data stream, and intermittently trans- 
mitting the compressed frame, in said 
compressed mode; and 

a control unit for controlling said compress- 
ing/intermittent transmitting unit so that, in the 
compressed mode, said compressing/intermit- 
tent transmitting unit intermittently transmit at a 
lower transmission rate than the transmission 
rate In the normal mode, while using the same 
transmission power as in the normal mode. 

12. The spread spectrum communication device 
according to Claim 1 1 further comprises 

an interieaving unit for Interieaving in bit units a 
frame or a compressed frame, which is a unit of 
a transmission data stream, to minimize effects 
of transmission errors; wherein 
said control unit controls said interieaving unit 
so that, in the compressed mode, interieaving 
in bit units is performed across multiple frames. 

13. The spread spectrum communication device 
according to Claim 1 1 , characterized In that said 
control unit controls said compressing/intermittent 
transmitting unit so as to divide the compressed 
frame into the front and rear of the same frame tim- 
ing as in the normal mode. 

14. The spread spectrum communication device 
according to Claim 11, characterized in that said 
control unit controls said compressing/intermittent 
transmitting unit so as to slot said compressed 
frame, and intermittently transmit the slotted frame 
in N (a natural number) slot units. 

15. A spread spectrum communication device applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames In a 
compressed mode, said device comprising: 

a memory unit for storing the units of optimum 
transmission power control for the normal 
mode and the compressed mode, in such a 
way that the units of transmission power control 
for controlling one input of transmission power 
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are greater in the compressed mode as com- 
pared to the norrnal mode; and 
a transmission power control unit for referring 
to said memory unit, and controlling transmis- 
sion power to a communication partner device 5 
in compliance with the units of transmission 
power control in correspondence with the nor- 
mal mode and the compressed mode, based 
on information representing a reception power 
received from said communication partner io 
device. 

16. The spread spectrum communication device 
according to Claim 15 further comprises 

15 

a compressing/intermittent transmitting unit for 
compressing a frame, which comprises multi- 
ple slots and is a unit of a transmission data 
stream, and intermittently transmitting the com- 
pressed frame; and 20 
a control unit for controlling said compress- 
ing/intermittent transmitting unit so as to slot 
the compressed frame, and intermittently 
transmit the slotted frame in N (a natural 
number) slot units. 25 

17. A spread spectrum communication device applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 30 
compressed mode, said device comprising: 

a memory unit for taking more multiple types of 
units of transmission power control than in the 
normal mode, a transmission power control for 35 
controlling one input of transmission power, 
including among the multiple types of units of 
transmission power control a unit of transmis- 
sion power control which is greater than in the 
normal mode, and storing optimum units of 40 
transmission power control for the normal 
mode and compressed mode; and 
a transmission power control unit for referring 
to said memory unit, and controlling transmis- 
sion power to a communication partner device 45 
in compliance with the units of transmission 
power control in correspondence with the nor- 
mal mode and the compressed mode, and in 
addition, in correspondence with temporal 
intervals in the transmission power control In so 
the compressed mode, based on information 
representing a reception power received from 
said communication partner device. 

18. The spread spectrum communication device 55 
according to Claim 17 further comprises 

a compressing/intermittent transmitting unit for, 



in the compressed mode, compressing a 
frame, which comprises multiple slots and is a 
unit of a transmission data stream, and inter- 
mittently transmitting the compressed frame; 
and 

a control unit for controlling said compress- 
ing/intermittent transmitting unit so as to slot 
the compressed frame, and intermittently 
transmit the slotted frame in N (a natural 
number) slot units. 

19. A spread spectrum communication device applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 
compressed mode, said device comprising: 

a transmission section for using a desired 
spreading code to create transmission data of 
a quantity corresponding to a number of users 
who can be served thereby, in correspondence 
with the norma! mode and the compressed 
mode, and adding and transmitting the trans- 
mission data created in correspondence with 
the number of users; and 
a compressed mode control section, con- 
nected to said transmission section, for control- 
ling the creation operation of transmission data 
by said transmission section in said com- 
pressed mode; 

said compressed mode control section having 
a frame combining unit for extracting from given 
combinations of multiple compressed mode 
frames, compressed by separate users in said 
transmission section, a combination having a 
total transmission duration of less than one 
frame duration; 

a spreading code allocation unit for allocating 
the same spreading code to each of multiple 
channels which transmit the combination 
extracted by said frame combining unit; and 
a transmission timing control unit for using a 
single spreading code, allocated by said 
spreading code allocation unit, to control said 
transmission section so that transmission tim- 
ings of multiple compressed mode frames, 
which comprise the above extracted combina- 
tion, do not temporally overiap within one frame 
duration. 

20. A spread spectrum communication device applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 
compressed mode, said device comprising: 

a compressing/intermittent receiving unit for 
intermittently receiving a compressed frame in 
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the compressed mode; 

a search code detecting and determining unit 
for detecting in other frequency carriers, during 
non-transmission period in the compressed 
mode, a first search code, which is shared at all s 
base stations and is time-continually transmit- 
ted, and a second search code, which is trans- 
mitted at the same time as the first search code 
and can be identified by multiple numeric pat- 
terns, and determining these search codes io 
based on a predetermined reference; and 
a control unit for selecting said compress- 
ing/intermittent receiving unit during intermit- 
tent receiving, selecting said search code 
detecting and determining unit during non- is 
transmission period, and controlling operations 
of both; wherein 

said control unit establishes synchronization to 
the other frequency carrier, based on the first 
search code and second search code detected 20 
by said search code detecting and determining 
unit, and thereby controlling a handover 
between different frequencies. 

21. The spread spectrum communication device 25 
according to Claim 20 wherein said control unit 

carries out control to detect at least one first 
search code during not more than half of one 
frame in the non-transmission period, 30 
thereafter, carries out control to repeat the 
processing of shifting the non-transmission 
period by a predetermined slot unit, and to 
detect a numeric value of all second search 
codes using multiple frames, and as 
establish synchronization to the other fre- 
quency carrier, based on the numeric pattern of 
the detected first search code and second 
search code, thereby controlling a handover 
between different frequencies. 40 

22. The spread spectrum communication device 
according to Claim 21, wherein the non-transmis- 
sion duration can be arranged across multiple 
frames. 45 

23. The spread spectrum communication device 
according to Claim 22, characterized in that, when 
no search code can be obtained which satisfies a 
predetermined level of reliability during the search so 
code detection, a search code is detected again in 

the place. 

24. A spread spectrum communication device applied 

in a code division multiple access system for contin- ss 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames In a 
compressed mode, said device comprising: 



a compressing/intermittent receiving unit for 
intermittently receiving a compressed frame in 
the compressed mode; 

an information detecting and determining unit 
for detecting in another communication sys- 
tem, during non-transmission period in the 
compressed mode, a first information fortuning 
frequencies, and a second information for 
achieving synchronization, and determining the 
first and second information based on a prede- 
termined reference; and 
a control unit for selecting said compress- 
ing/intermittent receiving unit during intermit- 
tent receiving, selecting said information 
detecting and determining unit during non- 
transmission period, and controlling operations 
of both; wherein 

said control unit establishes synchronization to 
the other communication system, based on the 
first information and second information 
detected by said information detecting and 
determining unit, and thereby controlling a 
handover between different frequencies. 

25. The spread spectrum communication device 
according to Claim 24, wherein said control unit 

carries out control to detect at least one first 
information during the non-transmission period 
which is not more than half of one frame, 
thereafter, carries out control to set the non- 
transmission period based on a time predeter- 
mined by the detected first information, and to 
detect the second information, 
and establishes synchronization to said other 
communication system, based on the detected 
first information and second information, 
thereby controlling a handover between differ- 
ent frequencies. 

26. A spread spectrum communication method applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 

. compressed mode, said method comprising: 

a first step of interleaving bit units across multi- 
ple frames, in order to minimize effects of trans- 
mission errors, in the compressed mode; 
a second step of compressing a frame inter- 
leaved in bit units in said first step, and intermit- 
tently transmitting it. 

27. A spread spectrum communication method applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 
compressed mode, said method comprising: 
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a first step of compressing a frame, which is a 
unit of a transmission data stream, and inter- 
mittently outputting it, in the compressed mode; 
and 

a second step of interleaving bit units across a 5 
plurality of the compressed frames. 

28. A spread spectrum communication method applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and io 
intermittently transmitting compressed frames in a 
compressed mode, said method comprising: 

a first step of interleaving bit units of a frame, 
which is a unit of a transmission data stream, in 75 
order to minimize effects of transmission 
errors; and 

a second step, performed in the compressed 
mode, of compressing a frame interleaved in bit 
units in said first step, dividing the compressed 20 
frame to the front and rear of the same frame 
timing as in the normal mode, and intermit- 
tently transmitting It. 

29. A spread spectrum communication method applied 25 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 
compressed mode, said method comprising: 

30 

a first step, performed in the compressed 
mode, of compressing a frame, which is a unit 
of a transmission data stream, and interleaving 
bit units of the compressed frame; and 
a second step of dividing the compressed and 35 
interleaved frame to the front and rear of the 
same frame timing as in the normal mode, and 
intermittently transmitting it. 

30. A spread spectrum communication method applied 40 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 
compressed mode, said method comprising: 

45 

a first step of dividing a frame, which is a unit of 
a transmission data stream, into multiple slots 
in the compressed mode; and 
a second step of intermittently transmitting the 
frame slotted in said first step in N (N = a natu- 50 
ral number) slot units. 

31. A spread spectrum communication method applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 55 
intermittently transmitting compressed frames in a 
compressed mode, said method comprising: 



a first step of interleaving in bit units a frame, 
which is a unit of a transmission data stream, in 
order to minimize effects of transmission 
errors; 

a second step, performed in the compressed 
mode, of using code-multiplexing to compress, 
in a given frame timing, multiple frames inter- 
leaved in bit units in said first step, and output 
them intermittently. 

32. A spread spectrum communication method applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 
compressed mode, said method comprising: 

a first step, performed in the compressed 
mode, of using code-multiplexing to compress, 
in a given frame timing, multiple frames and 
output them intermittently; and 
a second step of Interleaving the compressed 
frames in bit units. 

33. A spread spectrum communication method applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 
compressed mode, said method comprising: 

a first step of compressing a frame, which is a 
unit of a transmission data stream, in the com- 
pressed mode; and 

a second step of using the same transmission 
power as in the normal mode to transmit inter- 
mittently the frame compressed in said first 
step at a lower transmission rate than in the 
normal mode. 

34. A spread spectrum communication method applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 
compressed mode, said method comprising: 

a first step of receiving information represent- 
ing reception power from a communication 
partner device; 

a second step of preparing beforehand a table 
storing optimum units of transmission power 
control for the normal mode and the com- 
pressed mode, so that the unit of transmission 
power control for controlling one input of trans- 
mission power is greater in the compressed 
mode than in the normal mode, referring to this 
table, and determining transmission powers for 
the normal mode and the compressed mode, 
based on the information representing recep- 
tion powers received in said first step; and 
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a third step of transmitting to said communica- 
tion partner device in compliance with the 
transmission powers determined in said sec- 
ond step. 

35. A spread spectrum communication method applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 
compressed mode, said method comprising: 

a first step of receiving information represent- 
ing reception power from a communication 
partner device; 

a second step of taking more multiple types of 
units of transmission power control than in the 
normal mode, a transmission power control for 
controlling one input of transmission power, 
included among the multiple types of units of 
transmission power control a unit of transmis- 
sion power control which Is greater than in the 
normal mode, preparing beforehand a table 
storing optimum units of transmission power 
control for the normal mode and compressed 
mode, referring to said table, and determining 
transmission power in correspondence with the 
norma! mode and the compressed mode, and 
in addition, in correspondence with temporal 
intervals in the transmission power control in 
the compressed mode, based on information 
representing a reception power received in said 
first step; and 

a third step of transmitting to said communica- 
tion partner device in compliance with the 
transmission powers determined in said sec- 
ond step. 

36. A spread spectrum communication method applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 
intermittently transmitting compressed frames in a 
compressed mode, said method comprising: 

a first step of compressing frames, which are 
units of a transmission data stream, in multiple 
transmission channels performing compressed 
mode transmission; 

a second step of extracting from given combi- 
nations of multiple compressed mode frames, 
compressed separately for users in said first 
step, a combination having a total transmission 
duration of less than one frame duration; 
a third step of allocating the same spreading 
code to each of multiple channels for transmit- 
ting multiple compressed mode frames which 
comprise the combination extracted in said 
second step; and 

a fourth step of using a single spreading code, 



allocated in said third step, to transmit multiple 
compressed mode frames, which comprise the 
combination extracted in said third step, so that 
their transmission timings do not temporally 
5 overlap within one frame duration. 

37. A spread spectrum communication method applied 
in a code division multiple access system for contin- 
uously transmitting frames in a normal mode, and 

10 intermittently transmitting compressed frames in a 
compressed mode, said method comprising: 

a first search code detecting step of detecting 
at least one first search code in not more than 
'5 half of one frame during the non-transmission 

period; and 

a second search code detecting step of there- 
after repeating the processing of shifting the 
non-transmission period in units of predeter- 
20 mined slots, and detecting a numeric value of 

all second search codes using multiple frames; 
wherein 

a handover between different frequencies is 
controlled by establishing synchronization to 
25 another frequency carrier, based on the 

numeric pattern of the detected first search 
code and second search code. 

38. The spread spectrum communication method 
30 according to Claim 34, wherein the non-transmis- 
sion period can be arranged across multiple 
frames. 

39. The spread spectrum communication method 
35 according to Claim 35, characterized in that, when 

no search code can be obtained which satisfies a 
predetermined level of reliability during said search 
code detection, a search code is detected again in 
the place. 

40 

40. A spread spectrum communication method applied 
in a code division multiple access system for contin- 
uously transmitting frames in a norma! mode, and 
intermittently transmitting compressed frames in a 

45 compressed mode, said method comprising: 

a first information detecting step of detecting a 
first information for tuning frequencies in not 
more than half of one frame during the non- 
50 transmission period; and 

a second information detecting step of detect- 
ing second information for setting the non- 
transmission period, based on the timing deter- 
mined beforehand from said detected first infor- 
55 mation. and achieving synchronization; 

wherein 

a handover between different frequencies is 
controlled by establishing synchronization to 
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another communication system, based on the 
detected first information and second informa- 
tion. 
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